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OJ  the  compojition  and  analyjts  of 
Gunpowder.  ■ 

Gunpowder  is  an  artificial 
compofition,  confifting  of  falt- 
fetre.,  fulphur,  and  charcoal.  Thq 
principal  things  to  be  refpedled  ia 
the  making  of  gunpov/der  are,  — the 
goodnefs  of  the  ingredients ; — the 
manner  of  mixing  them  — the  pro-, 
portion  in  which  they  are  to  be  com- 
bined •,  — and  the  drying  of  the 
powder  after  it  is  made. 
y.(?L.  II.  A.  Salt- 
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Saltpetre  in  its  crude  date,  whe- 
ther it  be  brought  from  the  Eaft 
Indies,  or  made  in  Europe,  is  gene- 
rally, if  not  univerfally,  mixed  with 
a greater  or  lefs  portion  of  common 
fait : now  a fmall  portion  of  common 
fait,  injures  the  goodnefs  of  a large 
quantity  of  gunpowder,  hence  it  be- 
comes neceflary,  in  making  gunpow- 
der, to  ufe  the  very  fined  faltpetre. 
—The  pured  fulphur,  is  that  which 
is  fold  in  the  {hops  under  the  name  of 
flowers  of  fulphur ; but  the  roll  fui- 
phur,  being  much  cheaper  than  the 
flowers  of  fulphur,  and  being  alfo  of  a 
great  degree  of  purity,  it  is  the  only 
fort  which  is  ufed  in  the  manufac- 
turing of  gunpowder. —“With  relation 
to*the  charcoal,  it  has  been  generally 
believed  that  the  coal  from  foft  and 
light  woods,  was  better  adapted  to 

the 
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the  making  of  gunpowder,  than  that 
^om  the  hard  and  heavy  ones  ; thus 
'Ew^w  fays  of  the  hazel  that  "It  made 
one  o'f  the  beft  coals  ufed  for  gun- 
powder, being  very  fine  and  light, 
till  they  found  alder  to  be  more  fit  *. 
And  in  another  place  he  thinks  that 
lime  tree  coal  is  fiill  better  than  that 
from  alder  f.  An  eminent  French 
cliemifi;  has  lliewn,  from  adual  ex- 
periment, that  this  opinion  in  fa- 
vour of  coal  from  light  woods  is  ill 
fotJnded  ; he  affirms  that  powder 
made  from  lime  tree  coal,  or  even 
from  the  coal  of  the  pith  of  elder 
tree,  is  in  no  refpe£t  preferable  to 
that  made  from  the  coal  of  the  hard- 
efi:  wood^,  fuch  as  guaiacum  and. 

oak, 

• Evelyn’s  Silva  by  Dr.  Hunter,  p.  3-25. 
f Id.  p.  g.j.6. 
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oak  j;.  This  remark,  if  it  be  con- 
firmed by  future  experience,  may 
be  of  ufe  to  the  makers  of  gunpow- 
der ; as  it  is  not  always  an  eafy  mat- 
ter for  them,  to  procure  a fufficient 
, quantity  of  the  coal  of  foft  wood. 

The  mixture  of  the  materials  of 
which  gunpowder  is  made,  fliould 
. be  as  intimate  and  as  uniform  as 
poflible;  for,  in  whatever  manner 
the  explofion  may  be  accounted  for, 
it  is  certain  that  the  three  ingredients 
are  neceffary  to  produce  it.  Salt- 
. petre  and  fulphur  mixed  together 
give  no  explofion*,  fulphur  and  char- 
coal give  no  explofion  *,  and  though 
faltpetre  and  charcoal  when  inti- 
mately mixed,  do  give  an  explofion, 
yet  it  is,  probably,  of  far  lefs  force 
than  what  is  produced  from  a mix- 
ture 

j Chym.  par  M.  Rapine  Vol.  I.  p.  453. 
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tlire  of  the  three  ingredients,  I have 
faid,  probably-,  becaufe  this  point 
does  not  fcem  to  be  quite  fettled  at 
prefent,  as  may  appear  from  the  fol- 
lowing opinions,  of  two  eminent 
chemifts,  each  of  whom  appeals  to 

experience.  “ Un  melange  de 

fix  onces  de  nitre  et  d’  une  once  de 
charbon  produit  une  poudre  qui  a' 
moitie  moins  de  force  que  routes  cel- 
les  dans  lefquelles  on  fait  entrer  du 
foufre ; cette  fubftance  eft  done  abfo- 
lument  eflentielle  a la  compofition 
de  la  poxidre.  Dans  le  temps  que 
je  travaillois  fur  cette  matiere,  quel- 
ques  particuliers  propoferent  de  faire 
de  la  poudre  fans  foufre : ils  pro- 
mettoient  qu’  elle  feroit  plus  forte, 
— La  poudre  dans  laquelle  on  fait 
entrer  une  petite  quantite  de  foufre, 
A 3 * aug- 
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augmente  de  force  double^'*. 
“The  principal  ingredients  of  gun- 
powder, and  thofe  to  which  it  owes 
its  force,  are  nitre  and  charcoal  for 
thefe  two  ingredients,  well  mixed  to- 
gether, conflitute  gunpowder  at  leaft 
equals  if  not  fuperior  in  Jirength  to 
common  gunpowder  (as  I found  by 
experience,)  and  may  be  feen  in  the 
Memoire  of  Count  Saluce  inferted 
in  the  Melanges  de  Philofophie  et  de 
Mathematiquest  de  f Academic  Resale 
de ‘Turin.  The  fulphur  feems  to  ferve 
only  for  the  purpofe  of  fetting  fire 
to  the  mafs  with  a lefs  degree  of 
heat  ’’-f.  — If  I may  truft  fome  crude 
experiments  which  I have  made  with 

a com- 

• Chy.  par  M.  Bauihe  Vol.  I. 
f-  Philof.  Tranf.  1779.  p.  397,  where  the 
reader  will  find  feveral  ingenious  experiments 
relative  to  the  nature  of  gunpowder  by  Dr. 
Ingenhoufz, 
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a common  powder  Trier,  I muft  ac- 
cede to  the  opinion  of  M.  Baume ; 
as  I repeatedly  found  that  equal  bulks 
of  common  powder,  and  of  the  fame 
fort  of  powder,  freed  from  its  fulphur 
by  a gentle  evaporation,  differed 
very  much  both  in  the  loudnefs  and 
force  of  the  explofion ; the  powder 
which  had  loft  its  fulphur  being  in- 
ferior to  the  other  in  both  particu- 
lars. It  is  not  without  reafon  that 
equal  bulks  are  here  fpecified,  for 
any  definite  meafure  of  commoit 
powder,  weighs  more  than  the  fame 
meafure  of  powder  which  has  loft 
its  fulphur;  hence  the  refult  of  ex- 
periments made  with  equal  weights 
of  thefe  powders,  will  be  different 
from  that  which  is  derived  from  the 
explofion  of  equal  bulks:  may  not 
this  obfervarion  tend  to  reconcile  the 
A 4 opinions 
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opinions  ' before  mentioned  ? But 
whether  fulphur  be  an  abfolutely 
neceflkry  ingredient  in  the  compo- 
fition  of  good  gunpowder  or  not,  it 
is  certain,  that  an  accurate  mixture 
of  the  ingredients  is  eflentially  requi- 
fite.  In  order  to  accomplifli  this  ac- 
curate mixture,  the  ingredients  are 
previoufly  reduced  into  coarfe  pow- 
ders, and  afterwards  ground  and 
pounded  together,  till  the  powder 
becomes  exceeding  fine ; and  when 
that  is  done  the  gunpowder  is  made. 
But  as  gunpowder,  in  the  ftate  of  an 
impalpable  duft,  would  be  inconr 
yenient  in  its  ufe,  it  has  been  cufto- 
mary  to  reduce  it  into  grains,  by 
forcing  it,  when  moiftened  with  wa- 
ter, through  fieves  of  various  fizes. 

The  neceflity  of  a complete  mix- 
ture of  the  materials,  in  order  to 

have 
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tove  good  gunpowder,  is  fenfibly 
felt,  in  the  ufe  of  fuch  as  has  been 
dried,  after  having  been  accidentally 
wetted.  There  may  be  the  fame 
weight  of  the  powder  after  it  has 
been  dried,  that  there  was  before  it 
was  wetted  but  its  ftrength  is  greatly 
diminifhed,  on  account  of  the  mix- 
ture of  the  ingredients  being  lefs 
-perfed:.  This  diminution  of  ftrength 
proceeds  from  the  water  having  dif- 
folved  a portion  of  the  faltpetre,  (the 
other  two  - ingredients  not  being  fo- 
luble  in  water)  for  upon  drying  the 
powder,  the  diflblved  faltpetre  will 
be  cryftallized  in  particles  much 
larger  than  thofe  were,  which  entered 
into  the  compofition  of  the  gunpow- 
der, and  thus  the  mixture  will  be 
lefs  intimate  and  uniform,  than  it 
was  before  the  wetting.  This  wet- 
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ting  of  gunpowder,  is  often  occa* 
fioned  by  the  mere  moifture  of  the 
atmofphere.  Great  complaints  were 
made  concerning  the  badnefs  of  the 
gunpowder,  ufed  by  the  Englifh  in 
their  eng;agement  with  the  French 

O O 

fleet  off  Grenada,  in  July,  1779; 
the  French  having  done  much  da- 
mage to  the  marts  and  rigging  of  the 
Englifh,  when  the  Englifh  fhot  would 
not  reach  them.  When  this  matter 
was  inquired  into  by  the  Houfe  of 
Commons,  it  appeared,  that  the  pow- 
der had  been  injured  by  the  moifture 
of  the  atmofphere  ; it  had  concreted 
into  large  lumps,  in  the  middle  of 
which  the  faltpetre  was  vifible  to  the 
naked  eye.  If  the  wetting  has  been 
confiderable,  the  powder  is  rendered 
wholly  unfit  for'  ufe;  but  if  no  fo- 
reign fubrtance  has  been  mixed  with 
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it  except  fre(h  water,  it  may  be  made 
into  good  gunpowder  again,  by  be- 
ing properly  pounded  and  granulat- 
ed. If  the  wetting  has  been  occa- 
fioned  by  fait  water,  and  that  to  any 
confiderable  degree,  the  fea  fait,  up- 
on drying  the  powder,  will  remain 
mixed  with  it,  and  may  fo  far  vitiate 
its  quality,  that  it  can  never  be  ufed 
again  in  the  form  of  gunpowder. 
However,  as,  by  folution  in  water 
and  fubfequent  cryftallization,  the 
moft  valuable  part  of  the  gunpowder, 
namely,  the  feltpetre,  may  be  ex- 
tradled,  and  in  its  original  purity, 
even  from  powder  that  has  been 
wetted  by  fea  water,  or  otherwife 
fpoiled,  the  laving  of  damaged  pow- 
der, is  a matter  of  national  oeconomy, 
and  defervedly  attended  to  in  the 
Elaboratory  at  Woolwich. 


The 
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• The  proportion  in  which  the  in- 
gredients of  gunpowder  are  com- 
bined together,  are  not  the  fame  in 
different  nations,  nor  in  different' 
works  of  the  fame  nation,  even  for 
powder  dcftined  to  the  fame  ufe.  It 
is  difficult  to  obtain  from  the  makers 
of  gunpowder,  any  information  upon 
this  fubjeft;  their  backwardnefs  in 
this  particular,  arifes  not  fo  much 
from  any  of  them  fancying  them- 
felves  poffeffed  of  the  beft  polfible 
proportion,  as  from  an  affedation 
of  myftery,  common  to  moll  manu- 
fadurers,  and  an  apprehenfion  of 
difcovering  to  the  world,  that  they  do 
not  ufe  fo  much  faltpetre  as  they 
ought  to  do,  or  as  their  competitors 
in  trade  really  do  ufe.  Saltpetre  is 
not  only  a much  dearer  commodity 
than  either  fulphur  or  charcoal,  but 
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it  enters  alfo  in  a much  greater  pro- 
portion into  the  compoficion  of  gun- 
powder, than  both  thefe  materials 
taken  together:  hence,  there  is  a 
great  temptation  to  lelTen  the  quan- 
tity of  the  faltpetre,  and  to  augment 
that  of  the  other  ingredients ; and 
the  fraud  is  not  eafily  detefted,  fince 
gunpowder,  which  will  explode  rea- 
dily and  loudly,  may  be  made  with 
very  different  quantities  of  falc- 
petre. 

Baplijta  Porta  died  in  the  year 
1515,  he  gives  three  different  pro- 
portions for  the  making  of  gunpow- 
der, according  as  it  was  required  to 
be  of  different  ftrength*.  I have 
reduced  his  proportions,  fo  that  the 
reader  may  fee  the  quantities  of  the 
feveral  ingredients,  contained  in  100 

pounds 

* Mag..N3t.L.  XII.  C.3. 
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pounds  weight  of  each  fort  of  pow- 
der. 


Weak. 

Strong. 

Strongett. 

Saltpetre  66\  lb. 

75 

80 

Sulphur  i6f 

10 

Charcoal  i6| 

12| 

10 

100 

100 

100 

It  is  fomewhat  rernarkable,  that, 
in  all  thefe  proportions,  the  fulphur 
and  charcoal  are  ufed  in  equal  quan- 
tities. Cardan  died  about  fixty  years 
after  Baptifta  Porta,  and  in  that  in- 
terval, the  proportions  of  the  ingre- 
dients of  gunpowder,  feem  to  have 
undergone  a great  change.  Cardan’s 
proportions  for  great,  middle-fized, 
and  Ihnall  guns,  are  expreffed  in 
the  following  table  *. 

Salt- 

• Card.  Oper.  Vol.  III.  p.  379. 
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Gt.Guns. 

Saltpetre  501b. 

66| 

Sulphur  i6| 

‘3^ 

Charcoal  33I 

20 

100 

100 

Small. 

831 


8^ 

8| 


100 


For  great  and  middle-fized  guns, 
we  fee  a much  greater  proportion  of 
^charcoal  than  of  fulphur,  was  ufed  in 
Cardan’s  time-,  at  prefent,  I believe, 
it  is  in  moft  places  the  reverfe, 
or  at  leaft,  the  charcoal  no  where 
exceeds  the  fulphur.  I have  put 
down  the  proportions  ufed  at  prefent 
in  England,  France,  Sweden,  Poland, 
-and  Italy,  for  the  beft  kind  of  gun- 
j^powder. 


-5alt* 
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Eng. 

Fran. 

Swed. 

Pol. 

ItalVr 

Saltpetre  ^5 

75 

9i 

75 

80 

76I 

Sulphur  15 

16 

12 

Charcoal  10 

JSi 

9 

8 

100^ 

looll 

lOOj 

lOOj 

lOlif 

Several  experiments  have  been 
lately  made  in  France,  in  order  to 
determine  the  exadt  proportions  of 
the  feveral  ingredients,  which  would 
produce  the  ftrongeft  poflible  pow- 
der •,  thefe  proportions  when  reduced,' 
as  all  the  reft  have  been,  to  the  quan- 
tity 

. * Thefe  are  faid  to  be  the  proportions  of 
government  powder. — Pemb.  Chem.  p.  207. 

II  Chem.  Didl.  & Baume’s  Chem.  Vol.  I, 

p,  466. 

j Mem.  de  Chem.  Vol.  II.  p.  425.  where 
it  is  faid,  that  two  fpecimens  of  powder  from 
Holland,  gave  only  71  lb.  of  faltpetre  from 
joo,of  powder. 

f Comm.  Scien.  Bonon.  Vol.  IV.  p.  iij. 
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tity  compofing  one  hundred  pounds 
of  gunpowder,  are 

Saltpetre  8o  lb. 

Charcoal  1 5 

Sulphur  5 

100 


From  hence  it  would  appear,  that 
in  a certain  weight  of  faltpetre,  the 
powder  would  produce  the  greateft: 
effeft,  when  the  weight  of  the  char- 
coal was  to  that  of  the  fulphur,  as  3 
to  I.  On  the  other  hand,  experi- 
ments are  produced  from  which  it  is 
to  be  concluded,  that  in  a certain 
weight  of  faltpetre  the  beft  powder 
is  made,  when  the  fulphur  is  to  the 
charcoal,  in  the  proportion  of  2 to  i.' 
From  thefe  different  accounts,  it 
feems  as  if  the  problem  of  deter- 
VOL.  II.  B mining 
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mining  the  very  bell  poflible  propor- 
tion was  not  yet  folved. 

In  drying  gunpowder  after  it  is 
reduced  into  grains,  there  are  two 
things  to  be  avoided,  too  much  and 
too  little  heat.  If  the  heat  is  too 
great,  a portion  of  the  fulphur  will 
•be  driven  off,  and  thus  the  propor- 
tion of  -the  ingredients  being  chang- 
ed, the  goodnefs  of  the  powder,  fo 
far  as  it  depends  on  that  proportion, 
will  be  injured.  In  order  to  fee  what 
quantity  of  fulphur  might  be  fepa- 
rated  from  gunpowder,  by  a degree 
of  heat  not  fulEcient  to  explode  it,  I 
took  24  grains  of  the  powder  marked 
F F in  the  Ihops,  and  placing  it  on  a 
piece  of  polilbed  copper,  I heated 
the  copper  by  holding  it  over  the 
•flame  of  a candle ; the  gunpowder 
-ibon  fent  forth  a ftrong  lulphureous 

vapour  5 
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vapour ; and,  when  it  had  been  dried 
fo  long  that  no  more  fume  or  fmell 
could  be  diftinguilhed,  the  remainder 
weighed  19  grains,  the  lofs  amount- 
ing to  5 grains.  The  remainder  did 
not  explode  by  a fpark  like  gun- 
powder, but  like  a mixture  of  falt- 
petre  and  charcoal,  and  it  really  was 
nothing  elfe,  all  the  fulphur  having 
been  dilTipated.  Gunpowder  was  for- 
merly dried  by  being  expofed  to  the 
heat  of  the  fun,  and  this  method  is 
ftill  in  ufe  in  France,  and  in  fomc 
other  countries ; afterwards  a way 
was  invented  of  expofing  it  to  a heat 
equal  to  that  of  boiling  water;  at' 
prefent  it  is  moft  generally  in  Eng- 
land, dried  in  ftoves  heated  by  great 
iron  pots ; with  any  tolerable  caution 
no  danger  of  explofion  need  be  ap- 
prehended from  this  method.  All 
Be,  ' ' the 
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the  watery  parts  of  the  gunpowder 
may  be  evaporated  by  a degree  of 
heat  greatly  lefs  than  that  in  which 
gunpowder  explodes,  that  degree 
having  been  afcertained,  by  fome 
late  experiments,  to  be  about 
the  6ooth  desrree  on  Fahrenheit’s 
fcale,  in  which  the  heat  of  boiling 
water  is  fixed  at  212.  There  is  more 
danger  of  evaporating  a portion  of 
the  fulphur,  in  this  way  of  drying 
gunpowder,  than  when  it  is  dried  by 
cxpofure  to  the  fun. 

The  neceffity  of  freeing  gunpow- 
der from  all  its  moifture,  is  obvious 
from  the  following  experiment,which 
was  made  fome  years  ago  before  the 
Royal  Society.  A quantity  of  gun- 
powder was  taken  out  of  a barrel,  and 
dried  with  a heat  equal  to  that  in  which 
water  boils  j a piece  of  ordnance  was 

charged 
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charged  with  a certain  weight  of  this 
dried  powder,  and  the  diftance  tp^ 
which  it  threw  a ball  was  marked. 
The  fame  piece  was  charged  with 
an  eaual  weight  of  the  fame  kind  of 
powder,  taken  out  of  the  fame  bar- 
rel, but  not  dried,  and  it  threw  an 
equal  ball  only  to  one  half  the  di- 
ftance. This  efFe6l  of  moifture  is 
fo  fenfible,  that  fome  officers  have  af- 
firmed, that  they  have  feen  barrels  of 
gunpowder  which  was  good  in  the 
morning,  but  which  became  (by  at- 
trafting,  probably,  the  humidity  of 
the  air)  good  for  nothing  in  the  even- 
ing *.  In  order  to  keep  the  powder 
dry,  by  preventing  the  accefs  of  the 

air, 

— qu^  11  avoit  vu,  dans  les  guerres  d* 
Italic,  quelques  barrils  de  poudre  qui  etoic 
bonne  le  matin,  et  qui  ne  valoit  rien  le  foir* 
Kid.  Nat.  de  V Efpagne,  p.  82. 

' 53 
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air,  it  has  been  propofed  to  line  the 
barrels  with  tin  foil,  or  with  thin 
fheets  of  lead,  after  the  manner  in 
which  tea  boxes  are  lined  f. — Would 
it  not  be  poffible  to  prefcrve  powder 
free  from  moifture,  and  from  the  lofs 
of  a part  of  its  fulphur  in  hot  cli- 
mates, by  keeping  it  in  glazed  earthen 
bottles,  or  in  bottles  made  of  copper 
or  tin,  well  corked  ? 

This  difpofition  to  attraft  the 
humidity  of  the  air,  is  different  in 
different  forts  of  powder,  it  is  the 
leaf!:  in  that  which  is  made  from  the 
pureft  faltpetre;  pure  faltpetre,  which 
has  been  dried  as  gunpowder  is  dried, 
docs  not  become  heavier  by  expo- 
fure  to  the  atmofphere ; at  leaf!:,  its 
increafe  of  weight  is  very  fmall,  not 
amounting,  as  far  as  my  experiments 

have 
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have  informed  me,  to  above  one  720! 
part  of  its  weight ; I rather  think 
that  it  does  not  acquire  any  increafe 
of  weight.  But  faltpetre  mixed  with 
fea  fait,  attracts  the  humidity  very 
fenfibly,.  and  hence,  though  there 
ihould  be  the  fame  weight  of  faline 
matter  in  a certain  weight  of  gun- 
powder, yet  the  goodnefs  of  the  pow- 
der may  be  very  variable,  not.  only 
from  the  foreign  faline  matter,  be  it 
fea  fait,  or  any  other  fait,  injuring  the 
quality  of  the  powder  as  being  an 
improper  ingredient,  but  from  its 
rendering  the  powder  more  liable  to 
become  humid.’ 

Saltpetre  being  the  ingredient,  in 
which  there  is  the.greateft  room  for 
fraud,  in  the  compofition  of  gun- 
powder, and  on  the  quantity  of  which 
its  ftrength  chiefly  depends,  the  rea- 
B 4 der 
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der  will  excufe  the  minutenefs  of  the 
following  procefs,  to  afcertain  the 
quantity  of  faltpetre  contained  in  any 
fpecimen  of  gunpowder. 

Take  any  quantity  of  gunpowder, 
pound  it  in  a glafs  mortar  till  all  the 
grains  are  broken,  lay  it  before  a 
gentle  fire  till  it  be  quite  dry,  in  that 
ftate  weigh  accurately  any  quantity 
of  it,  fuppofe  4 ounces ; boil  thefe 
four  ounces  in  about  a quart  of  wa- 
ter, the  boiling  need  neither  be  vio- 
lent nor  long  continued,  for  the  wa- 
ter v?ill  readily  diflblve  all  the  falt- 
petre, or  other  faline  matter,  and  not 
a particle  of  either  the  fulphur  or  the 
. charcoal  of  the  powder.  In  order  to 
feparate  the  water  containing  the 
faltpetre,  from  the  fulphur  and  char- 
coal, pour  the  whole  into  a filter 
made  of  brown  paper  j the  water 

. con- 
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containing  the  faltpetre  will  run 
through  the  paper,  and  mufl:  be 
carefully  preferved ; the  charcoal 
and  fulphur  will  remain  upon  the 
paper.  But  as  fome  particles  of  falt- 
petre will  flick  both  to  the  filtering 
paper  and  to  the  mafs  of  fulphur  and 
charcoal,  thefe  are  to  be  repeatedly 
walhed,  by  pouring  hot  water  upon 
them, till  the  water  in  running  through 
the  filter  is  quite  infipid;  then  we 
may  be  certain,  that  we  have  all  the 
faltpetre,  originally  contained  in  the 
powder,  now  diflblved  in  the  water, 
and  all  the  fulphur  and  charcoal  re- 
maining a mixed  mafs  upon  the  filter. 
Thefe  refpeftive  quantities  may  be 
afcertained  without  much  difiiculty. 
The  water  containing  the  diflblved 
faltpetre,  mufl:  be  evaporated  by  a 
gentle  heat;  the  faltpetre  cannot  be 
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evaporated  by  the  fame  degree  of 
heat  which  evaporates  the  water,  all 
the  faltpetre  then  contained  in  the 
gunpowder,  will  remain  after  the 
water  is  difperfed,  and  being  care- 
fully collefted  and  weighed,  it  will 
fliew  the  quantity  of  faline  matter 
contained  in  the  powder.  Dry  the 
mafs  of  fulphur  and  charcoal,  by 
laying  the  filtering  paper  containing 
it  before  the  fire;  it  ftiould  be  made 
as  dry  as  the  powder  was  before  it  was 
dilTolved  in  the  water : in  that  ftatc 
weigh  the  faltpetre  and  charcoal ; and, 
when  the  experiment  has  been  accu- 
rately made,  the  weight  of  the  faltpetre 
added  to  that  of  the  mixture  of  ful- 
phur and  charcoal,  will  juft  amount 
to  four  ounces,  the  weight  of  the 
powder.  The  quantity  of  faline 
matter  contained  in  any  fpecimen  of 

gun- 
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gunpowder,  being  thus  afcertained, 
its  quality  may  be  known  by  diflblv- 
ing  it  in  water,  and  cryftallizing  it  5 
if  any  part  of  it  cryftallizes  in  little 
cubes,  it  is  a fign  that  it  contains 
fea  fait;  or  if  any  part  of  it,  after 
being  duly  evaporated,  will  not  cryf- 
tallize,  it  is  a fign  that  it  contains 
another  fort  of  impurity,  called  by 
faltpetre  makers,  the  mother  of  nitre, 
which  powerfully  attradls  the  humi- 
dity of  the  air. 

The  gunpowder  marked  ff,  was 
analyfed  i'n  the  following  manner. 
Twenty- four  grains,  by  evaporating 
the  fulphur,  were  reduced  to  nine- 
teen ; thefe  nineteen  grains  gave,  by 
folution  in  water  and  fubfequent  fil- 
tration and  cryftallization,  fixteen 
grains  of  faltpetre,  the  charcoal,  when 
properly  dried,  weighed  three  grains. 
0 Ac- 
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According  to  thefe  proportions,  loo 
pounds  of  this  kind  of  gunpowder 
confifted  of 

Saltpetre  66f 

Sulphur  20^ 

Charcoal  i zi 

loo  lb. 

1 tried  this  gunpowder  in  two  or 
three  other  ways,  by  taking  larger 
quantities  of  it,  but  the  quantity  of 
faltpetre  was  always  66  lb.  together 
with  fome  fraflional  part  of  a pound, 
from  loolb.  of  gunpowder.  The 
powders  marked  with  a fingle  and 
a double  F,  differ  in  the  fize  of  the 
grain,  but  they  do  not  feem  to  differ, 
as  far  as  I have  tried  them,  in  the 
quantity  of  the  faltpetre  they  contain. 
From'  fome  forts  of  powder,  I have 
got  after  the  rate  of  76  lb,  of  falt- 
petre, from  iDolb.  of  the  gunpowder. 

The 
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The  method  of  analyfing  gun- 
powder, by  evaporating  the  fulphur, 
is  not  wholly  to  be  relied  upon-,  I 
have  often  obferved,  that  when  mix- 
tures of  fulphur  and  charcoal  have 
been  expofed  to  evaporation,  on  a 
plate  of  heated  copper,  the  remainder 
has  weighed  lefs  than  the  charcoal 
which  entered  the  compofition,  part 
of  it  having  been  carried  off  by  the 
violent  evaporation  of  the  fulphur; 
and  hence  the  proportion  of  fulphur 
in  the  above  analyfis  is  probably  too 
great,  I am  aware  that  this  obferva- 
tion  is  wholly  oppofite  to  the  conclu- 
fion  of  M.  Baume,  who  contends, 
that  one  twenty  fourth  part  of  the 
weight  of  the  fulphur  employed  in 
any  mixture  of  fulphur  and  char- 
coal, adheres  fo  ftrongly  to  the  char- 
coal, that  it  cannot  be  feparated  from 
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it  without  burning  the  charcoal.  — 
I can  only  fay,  that  he  feparated  the 
fulphur  by  burning  it,  and  I feparat- 
ed mine  by  fubliming  it  without  fuf- 
fering  it  to  take  fire,  and  this  differ- 
ence in  the  manner  of  making  the 
experiment,  may,  perhaps,  be  fuffi- 
cient  to  account  for  the  different 
refults.  — But  it  is  unnecelfary  to 
purfue  this  fubjed  further,  there  are 
feveral  things  to  be  attended  to  in 
forming  a complete  analyfis  of  gun- 
powder, which  any  perfon,  tolerably 
well  verfed  in  chemiflry,  would  cer- 
tainly take  notice  of,  if  the  analyfis 
■of  any  particular  powder  was  requir- 
ed to  be  made,  and  which  cannot  in 
this  general  view  be  minutely  de- 
fcribed : and,  indeed,  it  is  the  lefs 
-ncreffarv  to  enter  into  a detail  on 
this  fubjeft,  as  the  ftrength  of  the 

powder 
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powder  is  not  much  affedled  by  fmall 
variations  in  the  quantities  of  the 
fulphur  and  charcoal,  which  enter 
into  its  compofition  ; and  the  method 
of  afcertaining  the  quantity  and  qua- 
lity of  the  faltpetre,  in  any  particu- 
lar gunpowder,  has  been  fufficiently 
explained. 

In  order  to  judge  with  more  cer- 
tainty concerning  the  effedt  of  fea 
fait,  when  mixed  with  faltpetre,  in 
■attradting  the  hunridity  of  the  air,  I 
imade  the  following  experiment.  Five 
parts  of  pure  faltpetre  in  powder, 
were  expofed  for  a month  to  a moift 
atmofphere,  but  I did  not  obferve 
that  the  faltpetre  had  gained  the  leaft 
increafe  of  weight  ; for  the  fame 
length  of  time,  and  in  the  fame  place, 
I expofed  four  parts  of  faltpetre 

mixed 
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mixed  with  one  of  common  fait,  and 
this  mixture  had  attrafted  fo  much 
moifture,  that  it  was  in  a ftate  of 
/ fluidity. 


ESSAY 


ESSAY  IL 

Of  common  Salt, 

OMMON  fait  is  a neutral  fait. 


it  has  neither  an  acid  nor  an 


alkaline  tafte,  nor  does  it  change  the 
blue  colour  of  vegetables  into  a red 
as  acids  do,  nor  into  a green  as  alka- 
lies do.  It  confifts  of  two  things, 
of  an  acid  peculiar  to  itfeif,  and  of 
the  alkali  which  is  feparable  from 
the  afhes  of  marfh  famphire  and 
other  maritime  plants,  and  which 
VOL,  II.  C has 
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has  been  denominated  the  mineral  or 
fojfde  fixed  alkali.  The  foffile  alkali, 
as  was  obferved  of  the  vegetable  al- 
kali, when  the  manner  of  decom- 
pofing  faltpetre  was  explained,  is 
more  powerfully  attradted  by  the 
acid  of  vitriol  than  by  the  acid  of 
common  fait;  hence  common  fait  is 
effedlually  decompofed  when  it  is 
diftilled  in  conjundtion  with  the  acid 
of  vitriol,  for  this  acid  expels  the 
acid  of  common  fait  from  its  union 
with  the  mineral  alkali,  and  unites 
itfelf  with  it  in  its  ftead:  the  acid 
of  common  fait  being  thus  difen- 
- gaged  from  its  bafis,  is  eafdy,  by  the 
heat,  raifed  in  vapour,  and  forced  into 
the  receiver.  The  acid  of  common 
fait,  thus  obtained,  is  very  volatile, 
conilantly  emitting  white  fumes ; and 
it  is  ufually  called  the  marine  acidy 

the 
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the  muriatic  acid,  Glauber's  fuming  acid 
or  fpirit  of  fait.  If  the  reader  pours 
a few  dfbps  of  very  ftrong  acid  of 
vitriol  on  a fmall  portion  of  dry  com- 
mon fait,  he. will  fee  a white  vapour 
arifing  from  the  fait,  this  vapour  is 
the  moft  volatile  part  of  the  acid  of 
the  fait,  and  a judgment  may  be 
formed  of  its  pungency  and  vola- 
tility, from  its  prefently  infefting 
the  air  with  its  fmell  to  a great  ex- 
tent. This  acid  vapour  is  a kind 
of  air,  for  it  retains  its  elailicity  for 
fome  time,  not  being  readily  con- 
clenfable  by  cold.  It  has  engaged 
the  attention  of  Dr.  Prieftly;  and  with 
his  accuftomed  ingenuity  he  has 
made  feveral  experiments,  from  v/hich 
we  learn,  that  this  vapour  when  con- 
denfed,  conftitutes  an  acid  which  is 
twice  as  heavy  as  rain  water,  and  that 
C 2 the 
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the  ftrongefl;  acid  of  fak  may  be  con- 
fidered  as  confifting  of  one  third  of 
this  elaftic  vapour,  and  of  two  thirds 
of  water*.  After  the  extraction  of 
the  acidi  which  is  one  of  the  confti- 
tuent  parts  of  common  fait,  there  re- 
mains, in  the  veffel  vifed  for  the  di- 
ftillation,  a compound  mafs,  con- 
fifting of  the  acid  of  vitriol  united 
with  the  mineral  fixed  alkali.,  the  other 
conftituent  part  of  comm.on  falti 
this  is  proved  by  diflblving  the  mafs, 
and  cryftallizing  it,  for  the  cryftals 
are  precifely  the  fame  as  would  re- 
fult  from  a direCt  combination  of  the 
acid  of  vitriol  with  the  mineral  fix- 
ed alkali.  The  fait  refulting  from  a 
decompofition  of  common  fait  by 
means  of  the  acid  of  vitriol,  or  from 

t 

a direct  combination  of  that  acid 

with 


• Phllof.  Tranf.  1772,  p.  239. 
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with  the  mineral  alkali,  is  the  genuine 
Glauber’s  fait.  The  artificial  com- 
pofition  of  common  fair,  confirms 
the  account  we  have  given  of  its 
conftituent  parts  from  its  analyfis, 
for  if  we  combine  the  acid  procured 
from  diftiiling  common  fait  and  acid 
of  vitriol  together,  with  the  mineral 
fixed  alkali,  there  will  refult  from 
their' union  a fait,  in  all  refpefts  the 
fame  as  common  fait,  except  that  it 
will  be  fomewhat  more  pure  than 
common  fait ; the  fait  thus  produced 
is  called  regenerated  fait. 

Common  fait  is  generally  diftin- 
guilhed  by  mineralogical  writers  in- 
to three  different  forts  — fojfile  fait  — 
fpring  fait  — fea  fait.  In  chemiftry 
though  we  admit  this  divifion,  as 
ferviceable  in  pointing  out  the  three 
general  fources  from  which  common 
c 3 fak 
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fait  is  moil  copioufly  derived,  yet 
we  reckon  all  thefe  falts,  when  pure, 
to  be  of  the  fame  fort;  they  are  all 
compofed  of  the  marine  acid.,  and  of 
the  mineral  fixed  alkali. 

Fojfile  or  rock  fait,  is  found  in  large 
beds  in  the  bowels  of  the  earth,  in 
every  quacter  of  the  globe;  it  is 
fometimes  cryftallized,  and  as  tranf- 
parent  as  a diamond,  and  it  has  thence 
been  called  fal  gemma  \ but  it  is  more 
frequently  found  in  irregular  mafles 
of  a red,  yellow,  or  blue  colour. 
There  are  feveral  mines  of  rock  fait 
near  Northwich  in  Chefliire',  the  firft 
of  which  v/as  difcovered,  as  they  were 
boring  for  coal,  in  the  year  1670*. 

The  fprings  v/hich  are  met  with, 
both  above  and  belo.w  the  level  of  the 
Northwich  bed  of  rock  fait,  are 

ftrongly 


* Phllof.  Tranf.  No.  65. 
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ftrongly  impregnated  with  fait.  This 
is  eafily  accounted  for ; the  rain  wa- 
ter in  finking  through  the  ground 
which  lies  over  the  rock  fait,  at  laft 
arrives  at  the  fait;  its  further  defcent 
is  in  a great  meafure  obftruded  by 
the  folid  body  of  fait,  it  refts  upon 
it,  and  in  refting  upon  the  fait  it  dif- 
folves  it,  and  thus  conftitutes  a brine 
fpring  above  the  level  of  the  bed  of 
rock  fait.  The  brine  fprings,  which 
are  found  below  that  level,  probably 
arife  from  the  water,  v/hich  has  dif- 
folved  a portion  of  rock  fait,  infinic- 
ing  to  that  depth  in  the  earth. 

I have  had  the  curiofity  to  go  to 
the  bottom  of  fome  of  the  moft  fa- 
mous mines  in  England ; fuch  as  the 
copper  mine  at  Edon ; the  coal  mines 
at  Whitehaven,  and  NeWcaflle  ; the 
cannel  coal  mines  in  Lancafliire;  and 
c 4 a 
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a variety  of  lead  mines  in  Derbyfliire, 
and  other  places ; but  I never  thought 
my  labour,  in  thefe  fubterraneous 
expeditions,  fo  well  rewarded,  as  in 
the  fight  of  the  rock  fait  mines  at 
Northwich.  The  fait  mines  at  fVi- 
lizka  near  Cracow  in  Poland,  have 
long  been  a fubjedt  of  admiration, 
and  every  traveller  has  exerted  his 
defcriptive  talents,  in  magnifying  the 
ftupendous  wonders,  which  are  there 
to  be  met  with.  Thefe  mines  have 
been  wrought  above  five  hundred 
years,  and  from  that  circumftance 
we  may  readily  imagine,  the  great 
number  of  vaft  caverns  which  have 
been  formed,  in  confequence  of  the 
blocks  of  fait  which  have  been  an- 
nually extradted:  yet  it  deferves  to 
be  remarked,  that  the  Northwich 
rock  fait  mines  are  fuperior  to  thofe 

of 
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of  Cracow,  with  refpe£t  to  the  quan- 
tity of  fait,  which  is  annually  raifed. 
The  fingle  pit,  into  which  I defcend- 
ed  atNorthwich,  yielded  at  a medium 
4000  tons  of  fait  in  a year  j this 
quantity  is  about  two  thirds  of  that 
v/hich  is  raifed  every  year  in  the  Po- 
lifh  mines  here  fpoken  of  *. 

A great  quantity  of  rock  fait  is 
ufed  at  Northwich,  in  order  to 
ftrengthen  their  brine  fprings,  and  a 
much  greater  quantity  is  fent  coaft- 
wife  to  Liverpool,  and  other  places, 
where  it  is  ufed  either  for  ftrength- 
ening  brine  fprings  or  fea  water-, 
much  of  this  rock  fait  was  formerly 

exported  to  Flolland,  and  it  is  ftill 
fent  to  Ireland  for  the  fame  purpofe. 

Rock  fait,  and  the  white  fait  which. 

, is 

* See  Memoire  fur  les  Mines  de  Sel  de 
Wieliczka  en  Pologne,  in  Hift.  de  1’  Acad, 
des  Scien,  a Par.  1762, 
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is  at  Northwich,  chiefly  made  from 
rock  fait,  is  exported  free  from  the 
fait  duty ; and  1 was  informed,  that 
the  quantity,  which  is  annually  ex- 
ported from  Northwich,  is  fo  great, 
that,  if  it  paid  the  duty,  it  would 
bring  in  to  government,  a fum  not 
much  fliort  of  four  hundred  thoufand 
pounds  a year.  “ According  to  the 
beft  accounts  I have  been  able  to 
procure,  the  grofs  duty  on  fait  made 
in  South  Britain,  amounts  annually  to 
feven  hundred  thoufand  pounds  *.’* 
The  duty  on  fait  made  at  Northwich 
is  about  feventy  thoufand  pounds  a 
year,  or  a tenth  part  of  the  whole 
duty  J. 

The 

* Camp.  Sur.  of  Brit.  Vol.  11.  p.  26. 

X Since  I received  this  information,  an  ad- 
ditional duty  of  lod.  a bufliel  has  been  laid, 
in  1 780,  on  fait.  The  whole  duty  now  amounts 

to 
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The  Northwich  rock  fait  is  never 
nfed  at  our  tables  in  its  crude  ftate-, 
and  its  application  to  the  pickling  or 
curing  of  fledi  or  fifh,  or  preferving 
any  provifions,  without  its  being  pra- 
vioufly  refined  into  white  fait,  that  is, 
without  its  being  diflfolved  in  water, 
and  boiled  down  into  what  is  called 
white  fait,  is  prohibited  under  a pe- 
nalty of  40  s.  for  every  pound  of 
rock  fait  fo  applied.  The  pure  tranf- 
parent  maffes,  however,  of  rock  fait, 
might,  probably,  be  ufed  by  us  with 
our  food,  v/ithout  any  fort  of  danger 
or  incovenience  •,  at  leaft,  we  know 
that  rock  fait  is  fo  ufed,  without  be- 
ing refined,  both  in  Poland  and  in 
Spain.  In. the  lafc  of  thefe  countries, 

at 

to  4s.  2 d.  a buftiel,  thebuftiel  weighing  561b, 
The  makers  of  fait  can  afford,  in  moft  places, 
to  fell  their  fait,  exclufive  of  duty,  from  8 d. 
to  lod.  a buOiel. 
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at  Cardona  in  the  province  of  Catalo- 
nia,  there  is  a folid  mountain  of  rock 
fait,  between  four  and  five  hundred 
feet  in  height,  and  a league  in  cir- 
cuit ; its  depth  below  the  furface  of 
the  earth  is  not  known*.  This 
prodigious  mountain  of  fait,  which 
has  no  mixture  of  other  matter  with 
it,  is  efteemed  fo  fingular  an  appear- 
ance, that  it  is  thought  to  militate 
very  much  againfl;  the  opinion  of 
thofe,  who  would  derive  the  origin 
of  all  the  beds  of  rock  fait,  which 
are  found  under  the  furface  of  the 
earth,  from  the  evaporation  of  fait 
water,  left  in  fubterraneous  caverns, 
either  at  the  deluge,  or  upon  fome 
more  local  commotions  of  the  globe. 

The 

* Hill.  Nat.  de  1’  Efpag.  p.  406.  See  an 
account  of  limilar  mountains  of  rock  fait  in 
Shaw’s  Travels,  p.  229.  and  in  Pliny’s  Hill. 
Nat.  1.  xxxi.  c.  7. 
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The  quantity  of  rock  fait  which 
may  be  diflblved  in  a definite  quan- 
tity, fuppofe  a pint  or  i6  avoirdu- 
pois ounces  of  water,  is  differently 
eftimated  by  different  authors.  Boer- 
haave  is  of  opinion,  that  i6  ounces 
of  water  will  not  diffolve  quite  5 
ounces  of  rock  fait*;  Spielmann  thinks 
that  they  will  diffolve  6|  ounces  -f ; 
Newmann  agrees  with  Spielmann  ; 
Eller  fays,  that  7 ounces  of  foffile 
fait  may  be  diffolved  in  16  ounces  of 
water  § ; laftly,  Hoffmann  affures  us, 
that  16  ounces  of  water  will  not  dif- 
folve above  6 ounces  of  common 
fait  11.  I have  tried  this  matter  with 
diftilled  'and  with  common  water, 

and 

• Chem.  Vol.  I.  p.  476. 

f Inft.  Chem.  p.  48. 

J Newmann’s  Chem.  by  Lewis,  p.  256, 

§ Obf.  Phy.-Chem.  L.ii.  Ob.  xvi. 

11  Ber.  Mem,  1750. 
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and  in  various  degrees  of  heat,  and 
cannot  but  be  of  opinion,  that  Hoff- 
mann’s experiment  approaches  near- 
efl:  to  the  truth ; I never  could  dif- 
folve  quite  6 ounces  of  rock  fait  in 
i6  ounces  of  water.  It  is  not  wholly 
improbable,  that  different  forts  of 
rock  fait,  may  differ  fomewhat  with 
refpedl  to  their  folubility  in  water. 

If  it  be  admitted,  that  i6  ounces 
of  water  can  diffolve  6 ounces  of  fait 
and  no  more,  then  we  may  be  cer- 
tain, that  no  brine  fpring,  in  any 
part  of  the  world,  can  yield  6 ounces 
of  fait  from  a pint  of  the  brine.  For 
brine  fprings  are,  ordinarily,  nothing 
but  water  in  which  foffile  fait  has 
been  diffolved  ; but  a pint  of  the 
flrongefl  brine  cannot  contain  fo 
much  fait,  as  is  contained  in  a pint 
of  water,  which  has  been  laturated 

with 
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with  6 ounces  of  fait ; for  a pint  of 
water,  in  which  6 ounces  of  fait  have 
been  diflblved,  is  increafed  a little  in 
bulk,  it  will  do  more  than  fill  a pint 
meafure,  and  the  fait  left  in  the  fur. 
plus  will  fhew,  how  much  the  fait, 
contained  in  a pint  of  the  ftrono-eft 
brine,  falls  fhort  of  6 ounces.  Or 
we  may  confider  the  matter  in 
the  following  manner,  -which  will, 
perhaps,  be  more  intelligible;  i6 
ounces  of  w'ater,  impregnated  with  6 
ounces  of  fait,  conftitute  a faturated 
brine,  weighing  22  ounces;  if, there- 
fore we  would  know  how  much  fait 
is  contained  in  16  ounces  of  fuch 
brine,  by  the  rule  of  proportion  we 
may  argue,  that  if  22  ounces  of  brine, 
contain  6 ounces  of  fait,  16  ounces 
of  brine  will  contain  4#r  ounces  of 
fait.  Hence  we  may  infer,  that  the 

ftrcngefl 
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flrongefl:  brine  fprings  will  not  yield 
much  above  one  quarter  of  their 
weight  of  fait  *. 

Dr.  Leigh,  who  firft  fhewed  the 
manner  of  refining  rock  fair,  informs 
us,  that  fome  of  the  ftrongeft  fprings 
at  Northwich,  gave  feven  or  eight 
ounces  of  fait  from  a quart  of  brine; 
but  a quart  of  brine  weighs  confider- 
. ably  more  than  32  ounces,  the  weight 
of  a quart  of  water ; fo  that  the 
Northwich  fprings,  from  this  ac- 
count, 

I 

♦ Several  pits  at  Northuuichy  and 

at  Barton  in  Lancajhircy  contain  no  lefs  thaa 
fix  ounces  of  fait  upon  fixteen  of  brine ; which 
is  as  large  a proportion  of  fait  as  water  will 
dilTolve.”  Newm.  Chem.p.  212.  Lewis’  note. 
The  author  here  is  fallen,  probably,  into  a 
little  miftake,  by  confounding  a pound  of 
water  with  a pound  of  brine ; for  if  a pound 
or  16  ounces  of  water  will  only  diiTolve  6 
ounces  of  fait,  a pound  of  the  brine,  thus 
formed,  will  only  hold  4/^  ounces  of  fait. 
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count,  do  not  yield  a quarter  of  their 
weight.  At  Middlewich  there  is  faid 
to  be  one  fait  fpring,  which  is  ftronger 
than  the  reft,  this  fpring  yields  \full 
fourth  part  of  fait  *,  and  hence  it  is, 
probably,  fully  faturated.  We  have 
an  account  in  Kircher’s  works,  of 
fome  famous  brine  fprings  in  Burgun- 
dy, from  which  we  learn,  that  one 
hundred  pounds  weight  of  the  ftrong- 
eft  brine,  gave  25  pounds,  or  juft 
one  fourth  of  its  weight  of  white 
fait  f. 

There  are  a great  many  brine 
fprings  in  Chefhire,  WorcefterjUre, 
Staffordfliire,  Hampfhire,  and  in  other 
parts  of  Great  Britain,  fome  of  v/hicli 
are  fufEciently  rich  in  fait  to  be 
wrought  with  profit,  others  not. 

From 

* Philof.  Tranf.  No.  53. 
f Kirch.  Man.  Sub.  Tom.  II.  Cap.  XL 
VOL.  II.  D 
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From  what  has  been  before  advanced, 
the  reader  will  readily  comprehend, 
that  1 6 tons  of  the  ftronsrell  brine 

O 

confifl;  of  12  tons  of  water,  and  of  4 
tons  of  fait;  and  that,  in  order  to  ob- 
tain thefe  4 tons  of  fait,  the  1 2 tons 
of  water  mull  be,  by  fomie  means  or 
other,  evaporated,  fo  as  to  leav'e  the 
fait  in  a concrete  form.  Suppofe 
there  fhoiild  be  a brine,  which  in  16 
tons,  fhould  contain  1 5 tons  of  water, 
and  only  i ton  of  fait;  yet  it  may 
chance,  that  fuch  a weak  brine  may 
be  wrought  with  more  orofit  than 
the  ftrongeft;  for  the  profit  arifing 
from  the  boiling  of  brine  into  fait, 
depends  as  much  upon  the  price  of 
the  fuel  ufed  in  boiling  it,  as  uoon 
the  quantity  of  fait  which  it  yields. 
Thus  the  fea  water,  which  furrounds 
the  coafts  of  Great  Britain,  is  faid  to 

hold 
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hold  feldom  more  than  one  thirtieth, 
or  lefs  than  one  fiftieth  part  of  com- 
mon fait  j but  fuel  is  fo  cheap  at 
Newcaftle,  that  they  can  evaporate 
thirty  or  forty  tons  of  water,  in  or- 
der to  obtain  one  ton  of  fait,  and  yet 
gain  as  much  clear  profit  as  thofe  do, 
who,  in  counties  lefs  favourably  fitu- 

ated  for  fuel,  boil  down  the  ftrono-eft 
brine. 

The  advantage  refulting  from 
flrengthening  weak  brine  or  fea  wa- 
ter, by  means  of  rock  fait,  is  very 
obvious,  Suppofe  that  the  fea  water 
at  Liverpool,  where  large  quantities 
of  rock  fait  are  refined,  would  yield 
I ton  of  fait  _from  48  tons  of  water, 
then  muft  a quantity  of  fuel  fuffi- 
cient  to  evaporate  47  tons  of  water 
be  ufed,  in  order  to  obtain  i ton  of 
fait.  But  if  as  much  rock  Lit  be 
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put  into  the  48  tons  of  fea  water,  as 
can  be  diffolved  in  it,  then  will  the 
fea  water  refemble  a brine  fully  fatu- 
rated,  each  16  tons  of  which  will 
give  4 tons  of  fait,  and  the  whole 
quantity  yielded  by  the  evaporation  of 
47  tons  of  water,  will  be  1 2 tons  of 
fait. 

In  warm  climates,  fuch  as 
Spain.,  and  the  fouthern  provinces  of 
France,  where  th.e  heat  of  their  fum- 
mer  is  fufEcient  to  exhale  confidera- 
ble  depths  of  water  in  a little  time  ; 
they  prepare  large  quantities  of  what 
is  called  bay  fait  at  a very  fmall  ex- 
pence. Their  general  method  is  to 
feledl  a marfny  fpot  of  ground,  com- 
municating by  fluices  with  the  fea, 
and  fufficiently  removed  from  frefh 
fprings,  and  the  mouths  of  large, 
rivers.  In  this  ground  they  form 

a ufually 
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ufually  three  pits  of  ftnall  but  dif- 
ferent depths,  and  by  clay  and  tim- 
ber they  fecure  them  from  leaking. 
The  fea  water  is  let  into  the  firft  and 
deepeft  pit,  from  which  it  flows  flow- 
ly,  fo  as  to  give  the  mud  and  fand' 
time  to  fettle,  through  the  fecond, 
into  the  third,  where  it  is  foon  in- 
fpiflated  by  the  heat  of  the  fun  into 
a ftrong  brine.  This  brine  being 
Hill  further  evaporated  by  the  conti- 
nued aftion  of  the  fun,  concretes  into 
cryftals  of  fair,  which  gradually  fink 
to  the  bottom  of  the  pit.  When  a 
proper  quantity  of  it  is  formed,  it  is 
drawn  out  for  ufe,  and  is  of  different 
colours,  according  to  the  coiour  of 
the  clay  employed  in  making  the 
pits.  In  a favourable  feafon,  the 
French  are  faid  to  be  able  to  make 
enough  of  bay  fait  in  a fortnight,  to 
^ 3 ! fup- 
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fupply  their  home  confumption  for  a 
year,  and  the  wants  of  the  other  na- 
tions, who  purchafe  from  them  much 
more  than  is  confumed  in  France*. 

In  this  method  of  making  bay  fait, 
art  has  but  copied  nature-,  for  we 
read  in  Pliny,  Alonfo  Barba,  Shaw, 
and  others,  of  large  briny  lakes, 
which  are  evaporated,  in  many  parts 
of  the  world,  to  a perfedl  drynefs  in 
fummer  time:  when  the  inhabitants 
cut  and  carry  away-  as  much  fait  as 
they  have  occafion  for.  A remark- 
able lake  of  this  kind  was  met  with 
by  Mr.  Maflbn,  in  his  botanical  ex- 
curfions  from  the  Cape  of  Good  Hope. 
“ Zwart  Kop’s  falt-pan,  is  a lake  fe- 

veral 

* See  Dr.  Brownrigg’s  Treatife  on  the 
Art  of  making  common  Salt,  where  the  rea- 
der’s curiofity  on  this  fubjedl  will  be  abun- 
oantly  gratified. 
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veral  miles  difbant  from  the  fea,  and 
upon  an  eminence.  In  the  rainy 
feafon  it  is  filled  with  frefli  water, 
which  by  the  faltnefs  of  the  ground, 
foon  becomes  ftrongly  impregnated 
with  faline  particles ; and  when  the 
fummer’s  heat  exhales  the  frefh  wa- 
ter, the  bottom  of  the  lake  is  cover- 
ed with  a cruft  of  pure  fait,  two  or 
three  feet  thick.  The  lake  is  about 
three  miles  round,  and  furrounded  by 
a rifing  ground 

Though  it  appears,  from  what  Dr} 
Brownrigg  has  faid  upon  this  fub- 
je£t,  that  we  might,  with  much  ad- 
vantage to  our  trade,  imitate  the 
French  in  their  manner  of  procuring 
bay  fait;  yet  moft  of  our  fait  is  pre- 
pared by  boiling  either  the  brine  of 
fait  fprings,  or  fea  water,  into  white 

fait. 

• Phildf.  Tranf.  1776.  p.  297. 

D4 
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felt.  In  Hampfhire,  and  fonne  other 
counties,  they  have  a method  of 
heightening  the  Tea  water  into  a ftrong 
brine,  by  expofing  it  to  the  fun  in 
large  pits,  much  after  the  manner  in 
which  bay  fait  is  made ; and  fo  much 
of  the  fea  water,  is,  by  this  means, 
naturally  evaporated,  that  though 
they  boil  the  remainder  with  New- 
caftle  coal,  yet  they  can  afford  their 
fait  at  a lefs  price,  than  the  New- 
caftle  felt  boilers  can  afford  their’s ; 
though  the  fea  water  is,  probably, 
equally  impregnated  with  felt  at  both 
places. 

The  greatefl:  difficulty  which  at- 
tends the  making  of  bay  felt  in  Great 
Britain,  arifes  from  the  heat  of  our 
fummer  not  being  fufficiently  ftrong, 
to  evaporate  a great  quantity  of  fea 
v/ater  in  a fmall  portion  of  time.  I 

will 
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will  mention  an  experiment  or  two, 
which  fuggefted  a hint,  that  may 
not,  perhaps,  be  vtnferviceable  to 
thofe  who  fhall,  in  future,  be  dif- 
pofed  to  attempt  the  making  of  bay 
fait. 

I took  a piece  of  coarfe  linen  cloth, 
its  area  was  a fquare  yard,  and  having 
thoroughly  wetted  it  with  water,  but 
not  fo  much  as  to  caufe  it  to  drip,  I 
weighed  it,  and  in  that  wet  ftate  ex- 
pofed  it  to  a warm  fun  in  June,  when 
there  happened  to  be  but  little  wind ; 
it  was  not  laid  upon  the  ground,  but 
held  oppofite  to  the  fun,  fo  that  the 
air  and  fun  had  a free  accefs  to  every 
part  of  it ; it  became  nearly  dry  in 
an  hour,  and  in  that  fpace  of  time  it 
had  loft  eight  ounces  of  its  weight. 
— Upon  another  occafion,  when 
there  was  a bright  fun  and  a bride 

wind. 
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wind,  on  an  April  day,  a fimilar  ex- 
periment was  made;  and  the  cloth 
loft  after  the  rate  of  6 ounces  in  one 
quarter  of  an  hour ; hence,  if  it  had 
been  kept  conftantly  wetted,  it  would 
have  lofb  in  i6  hours  24  pounds;  a 
pound  of  water  is  equal  to  a pint  in 
meafure,  and  therefore  we  may  infer, 
that  in  a fummer  day  of  16  hours  in 
length,  24  pints  or  3 gallons  of  wa- 
ter may  be  difperfed  into  the  air,  by 
a warm  fun  and  a bride  wind,  from 
the  furface  of  a linen  cloth,  equal  to 
one  fquare  yard. 

Now  it  is  very  poflible,  in  any 
place  where  bay  fait  is  made,  to  de- 
vife  means  of  wetting  and  drying  al- 
ternately any  number  of  fquare  yards 
of  coarfe  cloth ; one  labourer,  affifted 
by  proper  mechanical  contrivances, 
might  be  equal  to  the  daily  manage- 
ment 
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ment  of  a thoufand  yards,  or  more. 
By  this  plan,  in  favourable  weather, 
there  would  be  daily  evaporated 
twenty-four  thoufand  pounds  of 
water,  which,  fuppofing  fea  water  to 
contain  one  thirty-fecond  part  of  its 
weight  of  fait,  would  give  750  pounds 
of  fait.  Thofe  who  have  feen  the 
artifice  of  ftrengthening  brine,  which 
is  praftifed  in  Franche-Comte^  and 
other  places,  by  making  it  drip 
through  fagots,  in  order  that  the 
evaporation  may  be  increafed,  by  in- 
creafing  the  furface  of  the  water 
which  is  expofed  to  the  air,  will  not 
be  furprifed  at  the  method  of  evapo- 
ratinor  vvater  here  hinted  at. 

O 

Though  the  conftituent  parts  of 
common  fait,  when  free  from  all  he- 
terogeneous mixtures,  are  probably 
the  fame  in  evtry  part  of  the  world, 

yet 
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yet  in  the  ordinary  ftate  in  which  it 
is  met  with,  it  is  found  to  have  very 
different  qualities,  and  may  properly 
enough  be  divided  into  different  forts. 
Bay  fait  differs  in  fome  of  its  pro- 
perties from  the  white  fait,  prepared 
by  boiling  brine  or  fea  water ; and 
both  the  bay  fait  and  the  boiled  fait 
have,  refpedlively,  different  qualities, 
according  as  they  are  prepared  at 
different  places.  There  are  two  ge- 
neral reafons  of  this  diverfity ; one, 
refpects  the  manner  of  preparing  the 
fait,  the  other  refpedts  the  quality 
of  the  water  from  which  the  fait  is 
prepared.  When  fea  water  or  brine 
is  boiled  into  fait,  a portion  of  the 
acid,  which  is  one  of  the  conftituent 
parts  of  the  fait,  is  difperfed  ; and  a 
greater  or  lefs  portion  is  difperfed, 
according  as  the  fait  has  been  formed 

with 
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with  a greater  or  lefs  degree  of  heat. 
We  have  an  inftance  of  this,  both 
in  bay  fait  when  compared  with 
boiled  fait,  and  in  the  different  forts 
of  boiled  fait,  when  compared  with 
each  other.  Bay  fait  is  prepared 
from  fea  water,  by  the  mild  heat  of 
the  fun,  and  it  is  generally  efteemed 
much  flronger  than  the  white  fait, 
which  is  prepared  likewife  from  fea 
water  by  boiling  the  fea  water.  At 
Northwich,  and  in  other  places,  they 
prepare  from  brine,  not  only  the 
ordinary  white  fait,  but  a fait  whofe 
cryftals  are  much  larger  than  the 
ordinary  fait,  and  which  is  ufually 
called  fhivery  fait.  This  fiiivery  fait 
is  efteemed  ftronger  than  the  other, 
and  it  is  formed  by  a milder  heat ; 
for  in  forming  the  ordinary  fait,  the 
brine  is  kept  gently  boiling;  but  in 

forming 
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forming  the  large  grained  fliivery 
fait,  they  let  the  brine  cool  till  they 
can  bear  to  put  their  hands  into  it, 
and  keeping  it  in  that  ftate,  as  near 
as  may  be,  from  Saturday  night  to 
Monday  morning,  the  fhivery  fait  is 
gradually  formed.  Sea  water,  brine 
fprings,  and  rock  fait,  generally 
contain,  befides  common  fait,  va- 
rious other  earthy  and  faline  ingredi- 
ents, fuch  as  the  calcareous  earth  from 
which  filh  {hells  are  probably  form- 
ed j — the  earth  called  magmfia  \ — 
Effom  falts^  or  the  fait  refulting 
from  the  combination  of  the  acid  of 
vitriol  with  magnefia; — Selenites,  or 
the  fait  refulting  from  the  combina- 
tion of  the  acid  of  vitriol  with  the 
earth  of  the  nature  of  fifli  fhells ; — 
Glauber’s  fait ; — ■ fixed  alkali  uncom- 
bined with  any  acid,  &c.  Sometimes 

all 
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all  thefe  heterogeneous  fubftances, 
and  fometimcs  only  a few  of  them 
are  found  in  the  waters  from  which 
common  fait  is  prepared  j they  are 
all  of  them  foreign  to  the  nature  of 
the  fait,  and  injure  its  quality  ; and 
hence  we  may,  without  difficulty, 
comprehend  that  common  fait  may 
have  very  different  properties,  ac- 
cording to  the  quality  of  the  water 
from  which  it  is  made,  or  the  fitill 
of  the  falt-maker  exerted  in  feparat- 
ing  thefe  mixtures  from  it.  The 
Dutch  have  long  been  famous  for 
preparing  a fait  for  the  pickling  of 
herrings,  by  which  they  have  ac- 
quired a fuperiority  in  that  article  of 
commerce  over  all  other  European 
nations.  Their  principal  fecret  in 
this  bufinefs  confifts  in  evaporat- 
ing; the  brine  made  from  the  folution 

of 
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of  bay  fait  with  the  gentleft  fire,  and 
in  mixing  with  the  brine  a proper 
quantity  of  very  four  whey  the  acid 
whey  unites  itfelf  with  the  uncom- 
bined fixed  alkali  before  mentioned, 
and  thus  prevents  it  from  adhering 
to  the  common  fait  as  it  cryftallizes. 
Any  other  mild  acid  might  probably 
a'nfwer  the  fame  piirpofe.  This  acid 
whey  is  called  a7.y\  les  Hollandois. 
fe  fervent  de  Yazy  dans  le  travail  en. 
grand  pour  raffiner  nos  fels  de  mer,, 
et  pour  en  rendre  la  criftallifation 
parfaite;  c’eft  par  cet  artifice  qu’ ils 
font  depuis  long-temps,  en  polTef- 
fion  de  fournir  les  meilleures  falaifons 
de  r Europe*. 

* Hift.  de  I’Acad.  des  Scien.  1762.  Dr. 
Brownrigg  had  mentioned  this  fecret  of  the 
Dutch  above  30  years  ago,  in  his  excellent 
treatife  before  referred  to.  The  reader  will 

meet 
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meet  with  an  accurate  examination  of  the 
various  ingredients  with  which  common  fait, 
and  the  waters  from  which  it  is  made  are 
impregnated  in  Baume’s  Chem.  vol.  iii. 

p.  S12. 
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Of  common  Salt  and  Nitre  as  Ma- 
nures. 


COMMON  fak,  in  the  earlieflL 
ages  of  the  world,  was  fo  far’ 
from  being  held  in  any  eftimation  as  > 
a manure,  that  it  was  looked  upon^ 
as  a fymbol  of  extreme  fterility.  • 
Long  before  the'  commencement  of 
profane  hiilory,  Ahimdech  took  the 
city  Shechem,  and  Jlew  the  people  that 
vjas  therein^  and  beat  down  the  city^  and 
/owed  it  with  fait  intimating  there- 
by 

* judges  ix.  45, 
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Tjy  his  wifh  that  it  might  remain  un- 
fruitful and  uninhabited  for  ever. 

It  does  not  appear  from  hiftory^ 
what  circumftance  gave  rife  to  this 
cuftom,  nor  whether  Abimelech  was 
the  firft  perfon  who  introduced  it  ; 
but  it  has  prevailed  very  generally 
among  mankind  even  to  the  pre- 
fent  age,  it  being  frill  ufuaj  to  raze 
the  houfes  of  rebels  and  traitors, 
and  to  fprinkle  the  ground  upon 
which  they  frood  with  fait.  Perhaps 
this  general  fymbolical  ufe  of  fait, 
might  be  derived  from  what  had 
happened  'fihtn  Sodom  was  defrroyed, 
and  the  fait  fea  was  formed.  This 
conjefrure  is,  in  Tome  meafure,  fup- 
ported  by  obrerving,that  the  feverefr 
deiiunciations  of  divine  vengeance 
are  frequently  expreffed  by  an  allu- 
fion  to  that  event,: — Moab /liall  be  as 

Sodom, 
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Sodom,  and  the  children  of  Ammon  at 
Gomorrah,  even  the  breeding  of  nettles,, 
and  fait  pits,  and  a perpetual  defola- 
tion  *.  The  whole  land  thereof  is  brim- 
ftcne,  and  fait,  and  burning,  that  it  is 
not  fown,  nor  any  grafs  groweth  therein- 
like  the  overthrow  of  Sodom  -f. 

Virgil  reprobates  a fait  foil  as  oc- 
cafioning  the  degeneration  of  fruit 
trees,  and  admitting  no- melioration 
from  ploughing. 

Suit  earth  and  bitter  are  not  fit  to  fow. 

Nor  will  be  tam’d  or  mended  with  the 
plough. 

Sweet  grapes  degenerate  there,,  and  fruits- 
declin’d 

From  their  firfl  flav’rous  tafle  renounce 
their  kind  1. 

Pliny^ 

* Zephaniah  ii,  9*.. 

f Deuteron.  xxix.  23.. 

Virgil’s  Georg.  1.  2.  Dryd* 
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Pliny.,  though  he  recommends  the 
giving  of  fait  to  cattle,  yet  in  fpeak- 
ing  of  foffile  fait,  he  exprefsly  af- 
firms, that  every  place  in  which  it  is 
found,  is  barren  and  unfit  for  vege- 
tation *. 

Notwithftanding  thefe  and  other, 
teftimonies  of  the  ancients  concern- 
ing the  fterilizing  quality  of  common 
fait,  yet  it  is  frequently  ufed  as  a 
manure  with  great  fuccefs.  It  has 
been  the  cuftom,  ever  fince  the  time 
of  Henry  the  Third  at  leaft,  for  the 
farmers  on  the  Carni/h  coaft,  to  ma- 
nure their  lands  with  fea  fand,  in 
which  fea  fait  is  fo  copioufly  mixed, 
that  in  many  places  it  ufed  to  be 
extradtcd  from  a lye  made  of  fand. 
When  the  fand  has  been  long  ex- 
pofed  to  the  air,  it  proves  lefs  ufeful 

and 

• I'lift.  Nat.  L.  xxxi.  c.  7, 
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and  enriching,  which  is  by  fome  at* 
tributed  to  its  having  been  deprived 
of  a good  part  of  its  fait,  by  the  dews 
and  rains  *.  It  may  be  obferved, 
that  this  fand  is  of  two  kinds,  fltelfy 
and  fhelly ; the  fhelfy  is  produced 
from  the  grating  of  ftones  one  againft; 
another,  by  the  conftant  walk  of  the 
fea,  and  is  of  little  value ; its  qua- 
lity, however,  will  be  different  in 
different  countries,  according  to  the 
nature  of  the  ffones  expofed  to  the 
agitation  of  the  fea  -,  if  the  ftones  hap^n 
pen  to  be  of  the  limeftone  kind,  even 
the  fhelfy  fand  may  be  very  fervice- 
able;  if  the  ftones  principally  confift 
of  flint,  as  at  Yarmouth,  and  other 
parts  of  the  Norfolk  coaft,  the  fand 
will  differ  very  little  from  powdered 
flints.  The  fhelly  fand  in  Cornwal, 

is 

* Catnpden’s  Britan.  Cornw. 
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is  produced  by  the  fame  flu£tuatfon 
of  the  fea,  as  the  flinty  fand  in  Nor- 
folk, it  conflfls  of  the  broken  fhells 
of  mufcles,  cockles,  oyfters,  fcollops, 
and  other  fifh.  This  fand  varies 
fomewhat  in  colour  and  in  grain,  ac- 
cording to  the  fubftanccs  from  which 
it.  is  formed,  and  the  degree  of  agita- 
tion it  has  been  expofed  to,  and  it  is 
found  to  fertilize  almoft  all  kinds  of 
foils  This  praftice  of  manuring 
lands  with  fea  fand,  has,  within  thefe 
few  years,  been  introduced  with  great 
fuccefs  in  other  parts  of  Great  Bri- 
tain. 

The  Chejhire  farmers  purchafe  no 
inconfiderabie  quantity  of  refufe  fait 
from  the  fait  boilers;  they  mix  it  with 
dung,  and  it  make's  an  excellent  mSt 
nure.  This  refufe  fait  colls  them 

eight 


• Philof.  Tranf.  No.  115. 
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eight  pence  a bufhel,  there  being  a 
duty  of  four  pence  a buftiel  impofed 
on  it.  When  the  demand  for  this 
refufe  fait  is  very  great,  the  fait  boil- 
ers have  a cultom  to  mix  a quantity 
of  foot,  or  other  impurity,  with  the 
ordinary  fait,  and  it  then  comes  un- 
der the  denomination  of  refufe  fait; 
there  were  fold  a few  years  ago,  at 
Northwich  alone,  near  3000  tons  of 
it  in  one  year,  for  the  ufe  of  the  far- 
mers in  that  and  other  counties.  On 
the  other  hand,  when  the  foil  abounds 
with  rulhes  and  weeds,  it  is  cuftomary 
in  Chefliire,  to  lay  a quantity  of  rock 
fait  upon  it,  as  it  is  found  utterly  to 
deftroy  every  vegetable.  Hence  it 
fhould  feem,  that  fait,  when  ufed  in 
fmall  quantities,  is  a good  manure,  and 
when  in  large  ones  a real  poifon  to  ve- 
getables. Some  of  the  , African  and 
i Arabian 
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Arabian  deferts,  are  thought  to  be 
barren  by  their  having  too  much 
fait  in  them ; whilft  many  parts  of 
Barbary,  are  reckoned  to  be  peculi- 
arly fruitful,  from  their  containing 
a lefs  quantity  of  it  *. 

Sir  John  Pringle  has  obferved,  that 
common  fait,  when  ufed  in  fmall 
quantities,  as  one.  ounce  to  twelve, 
accelerates  the  putrefadion  of  ani- 
mal fubftances,  when  in  larger  it  re- 
tards it;  and  hence  he  deduces  its 
utility,  in  alTifting  the  organs  of  di- 
geftion  in  man,  and,  perhaps,  in 
other,  carnivorous  animals  -f.  The 
fame  obfervation  may  be  extended  to 
graminivorous  animals,  they  are  all 
exceedingly  fond  of  fait,  probably 
, from 

* Erownrigg  on  Salt,  p.  159. 

f Obferv.  on  the  Difeafes  of  the  Arnty-, 
fy  Sir  J.  Pringle,  Append,  xxxix. 
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from  its  great  tendency  to  corrupt 
the  aliment,  and  to  render  thereby 
its  difcharge  from  the  ftomach  into 
the  inteftines,  more  eafy  and  expedi- 
tious. 

In  like  manner  fait,  when  applied 
as  a manure,  in  fmall  quantities,  is 
found  to  be  very  beneficial  j not  pro- 
bably from  its  entering  as  an  aliment 
into  the  fubftance  of  vegetables,  fince 
there  are  many  experiments  tending' 
to  prove  that  no  kind  of  fait  can  of 
itfelf  become  the  food  of  plants*, 

but 

* Wallerius  exprefsly  fays — Les  fels  de 
quelle  -efpece  qii’  ils  foient,  ne  peuvent  pas 
fer^ir  de  nourriture  aux  plants , ni  auancer  par 
eux-memes  la  vegetations  and  after  quoting  the 
experiments  of  Kraftius,  Alfton,  and  Bonnet, 
on  the  fubjefl,  and  examining  the  argu- 
ments on  the  oppofite  fide  of  the  quellion, 
he  concludes  the  inquiry  in  the  following 

words  s 
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but  from  its  efficacy  in  reducing; 
weeds,  dried  herbage,,  dead  roots, 
&c.  into  a putrid  oily  mafsj  the 
frudlifying  virtue  of  oily  compofts 
being  now  generally  acknowledged  : 
but  when  it  is  ufed  in  a larger-  pro- 
portion, by  preferving  thefe  matters- 
from  corruption,  and  drying  up  or 
hardening  the  fibrous  capillaries  of 
the  roots,  fo  that  they  become  unfit 
for  fucking  in  nutriment,  the  ferti- 

words: — D’ou  nous  concinons  que  les  fels 
mineraux,  ni  les  fels  etrangeres,  ni  les  terres 
mineralcs,  ne  contribuent  point  a la  nourri- 
ture  des  vegetaux.  Elemens  d’Agriculture 
traduits  du  Latin  de  M.  Wallerius.  Yverden,. 
1766,  p.  134,  &c.  or  an  Englilh  tranflation  o£ 
the  fame  work,  by  John  Mills,  Efq;  F.  R.  S., 
London,  1770.  See  alfo  the  Principles  of 
Agriculture  and  Vegetation  by  Dr.  Home  ^ 
and  the  Elements  of  Agriculture  by  Dr.  G. 
Fordyce. 

lity 
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ility  of  the  ground  is  diminilhed,  or 
wholly  deftroyed. 

As  to  the  fertility  of  lands  over- 
.flowed  by  fea  water,  it  may  be  in 
part  owing  to  the  flime  and  mud 
left  by  it,  and  partly  to  the  fait  con- 
tained in  it,  which,  being  in  a fmall 
quantity,  may  contribute  to  the  pu- 
trefaftion  of  the  effete  vegetable 
roots,  and  the  eonfequent  produftion 
of  an  oily  compoft. 

With  refpedl  to  nitre  as  a manure, 
it  is  an  opinion  entertained  by  far- 
mers, that  fnow  fertilizes  the  lands 
upon  which  it  falls,  more  than  rain, 
in  cor^equence  of  the  nitrous  falts 
which  it  is  fuppofed  to  acquire  by 
freezing.  Ealfe  philofophy  firft  gave 
rife  to  this  idea*,  and  poetry  has 

con- 

• Gaffend.  Phyf.  fee,  iii.  1.  ii.  The  ex- 
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contributed  to  fpread  the'  general 
error. 

Oh  ! may’ll:  thou  often  fee 

Thy  furrows  whitened  by  the  woolly  rain 
Nutritious,  fecret  nitre  lurks  within 
The  porous  wet,  quick’ning  the  languid 
globe. 

^ Philips. 

What  art  thou  froU  ?— 

Is  not  thy  potent  energy,  unfeen 
Myriads  of  little  falts^  or  hook’d  or  ftiap’d 
Like  double  wedges,  and  diffufed  immenfe 
Thro’  water,  earth,  and  ether. 

Thompson. 

; The 

idence  of  nitre  in  fnow,  and  the  fertilizing 
quality  of  falts  were  fo  generally  admitted 
in  the  laft  century,  that  philofophers  feem 
to  have  been  at  no  pains  to  prove  either  of  - 
them, — On  fait  que  la  neige  contient  beaur 
coup  de  parties  nitreufesy  et  que  les  fels  con- 
tribuent  beaucoup  a la  fecondite  des  terres. 
A6les  de  Copenhague,  Colleft.  Acad»  voL  vir 
P-  I9S‘ 
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The  ancients  were  acquainted  v/ith 
the  fertilizing  quality  of  fnow,  and 
though  they  did  not  very  intelligibly 
explain  its  mode  of  operation  in  pro- 
moting vegetation,  yet  it  is  remark- 
able, that  the  fuppolition  of  faline 
corpufcles  made  no  part  of  their 
illuftration  of  that  matter*.  It  is 
not  here  intended  to  deny  the  ferti- 
lizing virtue  of  fnow,  but  to  Ihew 
that  it  probably  does  not  proceed 
from  the  nitre  contained  in  it  •,  in 
fupport  of  this  opinion,  I will  men- 
tion two  of  the  moll  accurate  expe- 
riments, which  have  probably  ever 
been  made  on  the  fubjed. 

Marggraf,  in  the  year  1751,  cob 
leded  in  the  fuburbs  of  Berlin  as 
much  fnow  as,  when  melted,  afford- 
ed him  one  hundred  meafures  of 

water, 

* Plln.  Hill.  Nat.  1.  xvil.  c.  z. 
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water,  each  meafure  containing 
thirty -fix  ounces  *.  He  collected  the 
fnow  in  an  open  fituation,  in  clean 
glafs  veflels,  after  the  atmofphere 
was  purified,  by  its  having  fnowed 
fome  time  in  Ihort,  he  ufed  every 
poflible  precaution  to  procure  the 
fnow  free  from  every  extraneous  im- 
purity. The  nitrous,  or  other  falts 
contained  in  the  fnow  as  it  fell  upon 
the  ground  were,  no  doubt,  diflblved 
in  the  water  after  the  fnow  was  melt- 
ed 5 and,  in  order  to  afcertain  their 
quantity  and  quality,  nothing  more 
was  requifite  than  to  diffipate  by  eva- 
poration or  diftillation,  the  , water 
in  which  they  were  diflblved.  From 
thefe  hundred  mcafures  of  fnow  wa- 
ter he  obtained,  by  diftilling  it  with 
every  fuitable  atteiition,  60  grains, 

not 

• Opuf.  Chy.  vol.  ii. 
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not  of  nitre^  but  of  calcareous  earthy 
together  with  fome  grains,  he  does 
not  mention  the  exad;  number,  of 
the  acid  of  fea  fait,  impregnated  with 
a nitrous  vapour. 

The  fame  quantity  of  rain  water, 
colledled  in  the  winter  months  with 
equal  precaution,-  and  diftilled  with 
equal  attention,  yielded  lOo  grains, 
not  of  nitre,  but  of  calcareous  earth, 
with  fome  grains  of  the  acids  of  nitre 
and  fea  fait  *. 

The 

\ 

* Toute  la  difference  done  entre  P eau  de 
pluie  et  P eau  de  neige  n’  eft  d’  aucune  im- 
portance, et  fe  reduit  a ce  que  Pacide  de 
P eau  de  pluie  eft  plus  nitreux,  et  qu’  elle  ren- 
ferme  plus  de  terre  calcaire,  au  lieu  que 
Peau  de  neige  a plutdt  un  acide  mar  in  que 
nitreux^  et  contient  une  moindre  quantite  de 
terre  calcaire*  Opufcules  Chymique,  voL  iL 
p*  21* 

VoL.  II. 
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The  author  infers  from  thefe  ex« 
periments,  that  the  chemical  differ- 
ence between  rain  and  fnow  water  is 
exceedingly  fmall ; but  that  the  lat- 
ter, however,  is  fomewhat  lefs  ni- 
trous, and  contains  a fomewhat  lefs 
proportion  of  earth  than  the  former. 
But  neither  of  them  contain  either 
earth  or  any  kind  of  fait  in  any 
quantity,  which  can  be  fenfibly  effi- 
cacious in  promoting  vegetation. 

Suppofe  an  acre  of  land  to  be,  at 
any  one  time,  covered  with  fnow  to 
the  depth  of  fix  inches  j and  that 
this  fnow  would,  when  melted,  be 
reduced  in  magnitude  a fixth  part, 
or  that  it  would  cover  the  land  with 
water  to  the  depth  of  one  inch ; then 
might  it  be  made  appear,  by  a very 
eafy  calculation,  that  allowing  6o 
grains  of  calcareous  earth  to  every 

28  gallons 
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28  gallons  and  one  pint  of  water, 
according  to  the  proportion  of  the 
foregoing  analyfis,  the  whole  of  the 
earth  left  upon  the  acre  from  the 
evaporation  of  the  fnow  water,  would 
not  amount  to  ten  pounds  in  weight  ; 
nor  the  faline  part  to  above  a few 
ounces.  Now  it  is  very  improbable, 
that  four  or  five  ounces  of  any  kind  of 
fait,  when  fpread  over  an  acre,  ftiould 
produce  any  fenfible  effedf  in  ferti- 
lizing the  ground.  And  if  we  fup- 
pofe  the  land  to  be  fo  often  covered 
with  fnow  in  the  courfe  of  a year, 
that  the  fait  left  upon  it  would 
amount  even  to  a pound,  yet  the 
difficulty  would  ftill  recur,  fince 

r 

even  a pound  of  fait  reduced  to  an 
uniform  pellicle,  and  fpread  over  an 
acre  of  land,  would  not  much  ex- 
ceed in  thicknefs,  the  four  hundred 
F 2 thou  fan  dth 
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thoufandth  part  of  an  inch.  So  that 
if  it  fhould  be  admitted  that  nitre  is 
a fertilizer  of  land,  which  many  are, 
upon  good  grounds,  difpofed  utterly 
to  deny,  yet  fo  very  fmall  is  the 
quantity  of  it  contained  in  fnow, 
that  it  cannot  be  fuppofed  to  pro- 
mote the  vegetation  of  plants  upon 
which  the  fnow  has  fallen. 

The  peculiar  agency  of  fnow  as  a 
fertilizer,  in  preference  to  rain  may 
admit  of  a very  rational  explanation, 
without  having  recourfe  to  any  ni- 
trous fairs,  which  it  has  been  fup- 
pofed to  contain.  There  are  two 
caufes  conftantly  adting  upon  the 
fiirface  of  the  earth,  one  of  which  is, 
generally  fpeaking,  uniform  in  its 
ftrength  with  refpe(5t  to  the  produc- 
tion of  heat ; the  other  is  variable. 
The  internal  fubfcance  of  the  earth 
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is  heated  uniformly,  by  fome  prin- 
ciple or  other  which  we  do  not  well 
underftand,  to  the  48  th  degree  of 
Fahrenheit’s  thermometer*,  this  de- 
gree of  heat  is  greater  than  that  in 
which  the  watery  juices  of  vegetables 
freeze,  and  it  is  propagated  from 
the  inward  parts  of  the  earth  to  the 
furface,  on  which  the  vegetables 
grow.  The  atmofphere  being  vari- 
ably heated,  by  the  variable  aftion 
of  the  fun  in  different  climates,  and 
in  the  fame  climate  at  differeut  fea- 
fons,  communicates  to  the  furface 
of  the  earth,  and  to  fome  diftance 
below  it,  the  degree  of  heat  or  cold 
which  prevails  in  itfelf.  Different 
vegetables  are  able  to  preferve  life 
under  different  degrees  of  cold,  but  all 
of  them  perifh,  when  the  cold  which 
reaches  their  roots  is  extreme.  Provi- 
F 3 dence, 
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dence,  in  the  coldeft  climates,  has  pro- 
vided a covering  for  the  roots  of  vege- 
tables, by  which  they  are  protedted 
from  the  influence  of  the  atmofphe- 
rical  cold  ; that  covering  is  fnow. 
Even  in  our  climate  we  often  fee 
Ihrubs,  and  other  fmall  vegetables, 
killed  by  the  feverity  of  a froft, 
when  it  is  unaccompanied  with  fnow, 
which,  had  there  been  eight  inches, 
or  a foot  of  fnow  upon  the  ground, 
would  have  remained  unhurt.  The 
fnow  keeps  in  the  internal  heat  of 
the  earth,  and  it  does  not  permit  the 
cold  of  the  atmofphere  to  penetrate 
through  its  fubftance,  and  on  both 
thefe  accounts  it  keeps  the  roots  of 
the  vegetables,  comparatively  fpeak- 
ing,  warm ; a kind  of  vegetation  is 
carried  on  under  its  furface,  which 
fliews  itfelf  by  the  very  rapid  increafe 

which 
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which  plants  of  all  kinds  acquire  in 
cold  countries,  as  foon  as  thexover- 
ing  of  fnow  is  removed  by  the  ap- 
proach of  fpring.  Thofe  who  are 
fond  of  making  oil  the  food  of  plants, 
may  derive  part  of  the  utility  of 
fnow  in  fertilizing  the  earth  from 
the  oily  particles  which  it  contains ; 
for  not  only  the  relidue  which  was 
obtained  from  the  diftillation  of  fno# 
water,  had  a brown  colour  proceed- 
ing from  fome  oily  particles,  but  it 
is  very  commonly  obferved  that 
fnow,  as  it  thaws,  becomes  dirty; 
and  this  dirty  appearance  is  probably 
enough  referred  to  fome  particles  of 
an  oily  or  mucilaginous  fubftance 
contained  in  it.  Snow,  moreover, 
in  melting,  moiftens  and  pulverizes 
the  foil,  which  had  been  bound  up 
F 4 by 
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by  the  froft ; and  as  its  water  has  a 
tendency  to  putrefaftion,  it  feems,  on 
many  accounts,  without  admitting  it 
to  contain  any  nitre,  to  be  admirably 
fitted  to  promote  vegetation. 

In  confirmation  of  the  analyfes  of 
rain  and  fnow  water  which  were 
made  by  Marggraf,  I will  here  add 
thofe  which  we  owe  to  the  accurate 
induftry  of  Dr.  Rutty*.-— He  eva- 
porated fix  different  fpecimens  of 
the  purefb  rain  -w'ater  he  could  pro- 
cure, and  found  that  a gallon  of  the 
pureft  yielded  6 grains,  and  a gallon 
of  the  moft  impure  12  grains  of  a 
fubflance,  for  the  moft  part,  of  a 
dark  brown  colour,  and  a hitter ^ 
hrackijh  tafte.  From  a gallon  of 
fnow  water,  he  obtained  4 grains  of 
,a  brownifti  refidue,  which  confifted 

- partly 
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partly  of  fea  falt^  partly  of  an  abfor- 
bent  earth,  and  a fmall  portion 
of  oil. 

It  may  be  obferved  from  thefe  ex- 
periments, compared  with  thofe  of 
Marggraf,  that  the  proportion  be- 
tween the  folid  impurities  of  rain 
and  fnow  water,  is  much  the  fame, 
in  parts  of  the  globe  as  far  diftant 
from  each  other  as  Ireland  and 
Prujjia.  Dr.  Rutty’s  experiments 
were  made  in  Dublin;  a gallon  of 
the  pureft  rain  water  gave  him  6 
grains,  the  fame  quantity  of  the 
pureft  fnow  water  gave  him  4 grains 
of  heterogeneous  matter;  now  the 
proportion  of  6 to  4,  is  not  very 
different  from  that  of  100  to  60, 
which  expreffes  the  proportional 
quantities  of  the  refidues  left,  from 
tlie  evaporation  of  rain  and  fnow 

. water. 
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water,  according  to  the  experiments 
of  Marggraf. 

No  two  authors  perfe£tly  agree,  in 
afcertaining  the  quantity  of  folid  im- 
purity, contained  in  a definite  portion 
of  either  rain  or  fnow  water ; this  is 
not  to  be  wholly  attributed  to  the 
difference  of  their  care  and  Ikill  ex- 
erted in  the  analyfis  of  them,  but 
principally  to  the  different  natures  of 
the  fubjefts  themfelves,  upon  which 
their  labours  have  been  employed. 
The  vapours  which  are  daily  raifed 
from  the  fea,  may,  with  great  proba- 
bility, be  fuppofed  to  carry  with 
them  fome  minute  portions  of  the 
acid  of  fea  fait,  and,  perhaps,  of  fea 
fait  in  fubftance,  and  of  the  calcare- 
ous earth, with  which  the  fea  abounds. 
The  atmofphere  itfelf  may  be  looked 
upon,  not  only  as  the  general  re- 
ceptacle 
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ceptacle  of  thefe  aqueous  vapours', 
but  likewife  of  all  mineral  exhala- 
tions ; of  the  fteams,  which  are  con- 
Itantly  arifing  from  the  perfpiration 
of  whatever  enjoys  animal  or  vegeta- 
ble life ; and  from  the  inftantaneous 
putrefcence  of  thofe  fubftances,  when 
deprived  of  life ; of  the  fmalier  feeds 
of  terreftrial  and  aquatic  plants ; of 
the  eggs  of  an  infinity  of  fpecies  of 
imperceptible  animalcules ; of  the 
acids  and  oils  feparated  by  combuf- 
tion  from  all  forts  of  fuel;  of  the 
matter  of  Jlght ; of  eleftric  effluvi- 
ums ; and  of  a variety  of  other  fub- 
ftances,  which  are  elevated,  and,  for 
a time,  kept  fufpended,  by  natural 
and  accidental  caufes:  from  thefe 
fources  are  derived,  thofe  various  im- 
purities, which  have  been  difcovered 
in  all  atmofpherical  water;  and 

which 
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which  we  can  readily  apprehend, 
muft  be  different  in  quality  and  quan- 
tity, according  to  the  nature  of  the 
heterogeneous  fubftances,  fubfifting 
in  that  portion  of  the  atmofphere, 
through  which  the  aqueous  vapours 
have  afcended,  or  which  they  have 
waflied  in  their  defcent ; that  is,  in 
general,  according  to  the  nature  of 
the  •climate,  the  feafon  of  the  year, 
the  diredion  of  the  winds,  and  the 
preceding  temperature  of  the  wea- 
ther. 


ESSAY 


ESSAY  IV. 


Of  the  Saltnefs  and  'Temperature  of 
the  Sea. 


There  are  few  queftions, 
refpefting  the  natural  hiftory 
of  our  globe,  which  have  been  dif- 
cufled  with  more  attention,  or  de- 
cided with  lefs  fatisfadion,  than  that 
concerning  the  primary  caufe  of  the 
faltnefs  of  the  fea.  The  folution  of 
it  had  perplexed  the  philofophers 
before  the  time  of  Ariftotle*,  it  fur- 


* Arift.  Meteo.  L.  ii.  c.  lii. 
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paflfed  his  own  great  genius ; and 
thofe  of  his  followers,  who  have  at- 
tempted to  fupport  his  arguments, 
have  been  betrayed  into  very  ill- 
grounded  conclufions  concerning  it. 
Father  Kircher  *,  after  having  con- 
fulted  three  and  thirty  authors  upon 
the  fubjeft,  could  not  help  remark- 
ing, that  the  flu6luations  of  the  ocean 
itfelf  were  fcarcely  more  various, 
than  the  opinions  of  men  concerning 
the  origin  of  its  faline  impregnation. 

The  queftion  does  not  fcem  capa- 
ble of  admitting  an  illuftration  from 
experiment;  at  leaft,  no  experiments 
have  hitherto  been  made  for  that 
purpofe,  and  therefore  we  may  be 
the  lefs  furprifed  at  its  remaining, 
nearly  as  problematical  in  the  prefent 

age,  as  it  has  been  in  any  of  the  pre- 
ceding. 

• Kirch.  Mun.  Subter.  L.  iii.  c.  iii. 
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ceding.  Had  there,  indeed,  any  cb- 
fervations  been  made,  three  or  four 
centuries  ago,  afcertaining  the  then 
faltnefs  of  the  fea,  at  any  particular 
time  and  place ; we  might,  by  mak- 
ing, at  prefent,  fimilar  obferyations 
at  the  fame  place,  in  the  fame  feafon, 
have  been  able  to  know,  whether  the 
faltnefs  at  that  particular  place,  was 
an  increaftng,  or  a decreafing^  or  an 
invariable  quantity*,  and  this  kind 
and  degree  of  knowledge,  would  have 
ferved  as  a clue  to  diredt  us  to  a full 
inveftigation  of  this  matter  in  gene- 
ral ; but  it  is  to  be  regretted,  that  no 
fuch  obfervations  have,  till  very 
lately,  been  made  with  any  tolerable 
precifion. — There  are  three  princi- 
pal opinions  on  this  fubjedt,  which 
have  been  maintained  by  philofo- 
phers  of  modern  date. 


Some 
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. Some  * obferving  that  river  wateri 
almoft  in  every  part  of  the  globe,  is, 
in  a greater  or  lefs  degree,  impreg- 
nated with  fea  fait,  have  thought 
that  the  fea  has  gradually 'acquired 
its  prefent  quantity  of  fait  from  the 
long  continued  influx  of  rivers. 
The  water,  which  is  carried  into  the 
fea  by  the  rivers,  is  again  feparated 
from  it  by  evaporation,  and  being 
difperfed  over  the  atmofphere  by  the 
winds,  it  foon  defcends  in  rain  or 
vapour  upon  the  furface  of  the  earth; 
from  whence  it  haflens  to  pour  into 
the  bofom  of  the  ocean,  the  frefli 
tribute  of  fait,  which  it  has  coiieded 
in  its  inland  progrefs.  Thus  the 
fait  conveyed  into  the  fea,  not  being 
a volatile  fubftance,  nor  performing 
an  inceflfant  circulation,  like  the  wa- 
, ter 

• Halley,  Philof.  Tranf.  No.  344. 
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ter  which  carries  it  thither,  muft  be 
a perpetually  increafing  quantity, 
and  time  enough,  it  is  contended,  has 
elapfed  fince  the  creation,  for  the  fea 
to  acquire  from  this  fource  its  pre- 
fent  quantity  of  fait. 

The  principle  upon  which_  this 
opinion  is  founded,  cannot  become 
the  fubjedl  of  accurate  calculation ; 
rivers  may  have  formerly  carried 
more  or  lefs  fait  into  the  fea,  than 
they  do  at  prefent ; and  the  quanti- 
ties, contained  at  prefent  in  different 
rivers,  are  fo  various,  that  any  gene- 
ral pofition,  with  refpecl  to  the  pro- 
portion of  fait  obfervable  in  river 
water,  will  be  liable  to  many  excep- 
tions from  particular  cafes.  It  may 
appear  probable,  however,  from  the 
following  obfervation,  that  the  caufe 
here  affigned  of  the  faitnefs,  of  the 
VOL.  II.  G fea. 
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fea,  is  not  adequate  to  the  effeft. 
Sea  water,  at  a medium  taken  from 
obfervations  made  in  different  cli- 
mates, may  be  fuppofed,  without 
any  great  apprehenfion  of  error,  to 
contain  about  one  thirtieth  of  its 
weight  of  common  fait ; but  all  the 
rivers  in  the  world  could  not  have 
conveyed  into  the  fea  one  five  hun- 
dredth part  of  the  weight  of  the 
fea,  though  we  fuppofe  that  they 
have  daily,  ever  fince  the  creation, 
carried  into  the  fea  and  left  there, 
the  fame  quantity  of  fait,  which  they 
do  at  prefent  daily  depofic  in  it.  In 
order  to  make  this  out,  with  any  ap- 
pearance of  perfpicuity  and  precifion, 
we  will  take  for  granted,  what  fome 
eminent  philofophers  have  endea- 
voured to  prove,  — “ that  all  the 
fivers  in  the  world  flowing  into  the 

bed 
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bed  of  the-fea,  vvith  a continuance  of 
their  , prefent  ftores,  would  take  up 
at  leaft  eight  hundred  years  to  fill  it 
to  its  prefent  height*;”  — this  being 
premifed,  let  us  fuppofe  the  ocean  to 
have  been  originally  quite  frefh,  and 
to  have  daily  loft  by  evaporation  as 
much  water,  as  it  daily  received  from 
the  influx  of  the  rivers,  then  muft 
eight  hundred  years  have  pafled  be- 
fore the  frefii  water  of  the  ocean 
could  have  been  changed  into  river 
water,  or  acquired  that  proportion  of 
fait  with  which  river  water  is  im- 
pregnated. River  water  may,  in  ge- 
neral, be  fuppofed  to  contain  one  four 
thoufandth  part  of  its  weight  of  fea 
fait ; fome  rivers,  doubtlefs,  contain 

more, 

• Goldfmith’s  Hi  ft.  of  the  Earth,  &c. 
Vol.  I.  p.  228.  Buffon,  Hift.  Nat.  Vol.  I, 
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more,  others  lefs,  but  the  quantity 
here  afllimed  feems  to  be  great 
enough;  fince  even  the  Thames* 
water  taken  up  near  Billingfgate, 
impregnated,  as  it  may  be  fuppofed 
to  be,  with  fea  fait,  from  the  quan- 
tity of  it  ufed  in  London,  and  wafhed 
into  it  by  various  drains,  does  not 
contain  one  half  fo  much ; the  ocean 
upon  this  hypothelis,  at  the  expira- 
tion of  eight  hundred  years  from  the 
creation,  would  have  contained  one 
four  thoufandth  part  of  its  weight 
of  fea  fait  -,  and  at  the  expiration  of 
eight  times  eight  hundred  years,  it 
would  have  contained  eight  four 
thoufandth  parts,  or  one  five  hun- 
dredth part  of  its  weight  of  fait,  but 
eight  times  eight  hundred  years  carry 

us 

♦ See  an  ingenious  Inquiry  into  the  Na- 
ture of  Water,  by  Dr.  Rotherham,  p.  1 14. 


( lOI  ) 

US  back  to  an  jera  antecedent  to  the 
creation  of  the  world. 

Other  philofophers  *,  obferving 
that  large  beds  of  foffiie  ialt  are  not 
unfrequent  in  any  quarter  of  the 
globe;  and  conceiving,  with  great 
probability,  the  bottom  of  the  fea 
to  be  analogous  in  its  formation  to 
the  furface  of  the  earth,  have  un- 
dertaken to  derive  its  faltnefs  from 
the  beds  of  rock  fair,  which  they 
have  fuppofed  to  be  lituated  at  its 
bottom ; and  they  are  further  of 
opinion,  that  without  fuch  a perma- 
nent faline  principle,  the  fea  would 
long  fince  have  become  infipid  from 
the  frefh  water  poured  into  it  by  an 
infinity  of  rivers.  Strange ! that 

what 

* Mem.  de  I’Acad.  des  Scien.  de  Ber. 
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'What  according  to  the  foremen- 
tioned  hypothefis  was  thought  fuffi- 
cient  to  account  for  the  faltnefs  of 
the  fea,  fhould  in  this  be  efteemed 
inftrumental  in  annihilating  the  fak« 
nefs' already  fuppofed  to  exift. 

This  opinion  is  liable  to  an  ob- 
jeftion  of  fome  weight ; for-  it  may 
reafonably  be  inquired,  why  the 
waters  of  the  ocean  are  not  perfeflly 
faturated  with  fait,  if  they  have  ever 
fince  the  creation  been  exerting  their 
diffolving  powers,  upon  fuch  perma- 
nent mafles  of  rock  fait  as  are 
thought  to  be  fituated  at  its  bottom. 
Were  the  waters  of  the  ocean  in  a 
quiefcent  ftate,  and  every  where  of 
two  or  three  miles  in  depth,  as  they 
are  conjeftured  to  be  in  fome,  it 
■would  not  be  an  eafy  matter  to  -de- 
, fine  the  time,  in  which  the  waters  at 

the 
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the  furface  would  become  fapid, 
much  lefs  in  which  they  would  be- 
come faturated,  though  the  whole 
bottom  of  the  ocean  was  covered 
with  a ftratum  of  rock  fait.  The 
water  contiguous  to  the  fait  would 
facurate  itfelf  therewith,  and  being 
thereby  rendered  heavier  than  the 
fuperficial  water,  it  would  not  readily 
mix  itfelf  with  it;  but  though  the 
lower  parts  of  the  fea.  have  been  ob- 
ferved  by  divers,  to  remain  in  a very 
tranquil  date,  when  the  upper  have 
been  much  agitated  by  ftorms ; yet 
it  may  reafonably  be  fuppofed,  that 
they  arc  fufficiently  moved,  to  caufe, 
in  a fufficient  length  of  time,  an 
uniform  diffufion  of  the  rock  fait, 
they  may  be  fuppoled  to  have  dif- 
folved.  The  patrons  of  this  opinion 
found  their  reafoning  upon  a miftake;, 
G 4 they 
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they  think,  that  if  there  were  no 
mines  of  rock  fak  in  the  bed  of  the 
ocean,  its  waters  would  have  been 
long  ago  converted  into  frefh  water, 
by  the  rivers  difcharged  into  it. 
Now  this  is  an  erroneous  principle; 
for  fuppofing  that  the  rivers  them- 
felves  contained  no  fait,  and  that 
they  returned  into  the  fea,  in  any 
given  time,  the  fame  quantity  of 
water,  which  in  the  fame  time  is 
raifed  from  it  by  evaporation,  the 
faltnefs  would  remain  precifciy  the 
fame  for  ever.  But  neither  of  thefe 
fuppofitions  is  true,  for  the  rivers 
do  convey  into  the  ocean  fome  por- 
tion, of  fait  every  day,  and  they  do 
not,  in  any  given  time,  return  into 
the  ocean  fo  much  water  as  in  the 
fame  time  is  feparated  from  it ; and 
upon  both  thefe  accounts,  the  falt- 
nefs 
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nefs  of  the  -fea,  fo  far  from  being 
diminiflied,  ought  conftantly  to  be 
increafed,  from  the  rivers  poured 
into  it. 

Boyle  * unites,  as  it  were,  the  two 
preceding  hypothefes,  and  “ takes 
the  I'altnefs  of  the  fea  to  be  fupplied, 
not  only  from  rocks  and  other  mafles 
of  fait,  which  at  the  beginning  were, 
or  in  fome  countries  may  yet  be 
found,  either  at  the  bottom  of  the 
fea,  or  at  the  lides,  where  the  water, 
can  reach  them ; but  alfo  from  the 
fait  which  the  rivers,  rains,  and 
other  waters  dilTolve  in  their  paffage 
through  divers  parts  of  the  earth, 
and  at  length  carry  with  them  into 
the  fea.”  Buffon-j-,  and  the  gene- 
rality 

• Boyle’s  Works,  Vol.  III.  p. '381. 

f Hift.  Nat.  Vol.  I.  p.  361.  Goldfmith’s 
Hill,  of  the  Earth,  Vol.  I.  p.  234. 
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Tality  of  philofophers,  acquiefce  in 
the  opinion  of  Boyle. 

After  all,  it  may  be  obferved,  that 
we  are  inquiring  into  the  caufe  of  a 
phenomenon,  which  it  may  be  faid 
-had  no  fecondary  caufe  at  all.  It  is 
taken  for  granted  in  this  difquifition, 
that  the  water  which  covered  the 
globe  in  its  chaotic  ftate,  was  not 
impregnated  with  fait  as  at  prefent, 
but  quite  frefti ; now  this  is  an  opi- 
nion concerning  a matter  of  fa£t, 
which  can  never  be  proved  either 
way  j and  furely  we  extend  our  fpe- 
culations  very  far,  when  we  attempt 
to  explain  a phenomenon,  primeval 
to,  or  coeval  with,  the  formation  of 
the  earth. 

Bermrdine  Gomefius*,  about  two 
-hundred  years  ago,  publilhed  an  in- 
genious 

^ Gomes  de  Sale.  J.  i.  c*  24* 
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genious  treatife  upon  fait  ; in  this 
treatife,  after  reciting,  and  refuting, 
the  opinions  of  Empedocles,  Anax- 
agoras, and  Ariftotle,  upon  the  fub- 
je6l  in  queftion,  he  propofes  his  own; 
wherein  he  maintains  that  the  fea 
was  originally  created  in  the  fame 
ftate  in  which  we  at  prefent 'find  it, 
and  impregnated  from  the  very  firft 
■with  the  fait  which  it  contains. 
-Though  this  hypothefis  may  be  con- 
fidered  by  fome,  rather  as  a cutting 
than  an  untying  of  the  knot,  yet  it 
has  ibeen  embraced  by  philofophers 
of  great  eminence  * ; and  it  muft  be 
ov/ned  that  it  [may  be  applied  to  the 
folution  of  fome  phenomena  with  pe- 
culiar propriety.  Naturalifts  affure 
•us,  that,  though  fome  few  fpecies  of 

fifties 

* Kircher  Mun.  Sub.  L.  iii.  c.  iii.  

•Noliet.  Lee.  de  Phyf.  Tom.  IV.  p.  6z. 
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fifhes  thrive  in  frefh  water,  and  fome 
others  live  alternately  in  frefh  water 
and  fait,  yet  by  far  the  greateft  num- 
ber cannot  exift  out  of  the  fea : now 
whether  we  fuppofe  the  fea  to  have 
become  fait  from  the  influx  of  rivers, 
or  from  the  gradual  folution  of  beds 
of  rock  fait,  or  from  the  combined 
influence  of  both  thefe  caufes,  it  muft 
for  fome  years  have  remained  fo  ex- 
ceedingly frefh,  that  it  will  not  be  an 
eafy  matter  to  account  for  the  conti- 
nuation of  the  exirtence  of  the  num- 
berlefs  fpecies  of  fiflies,  which  cannot 
live  in  frefh  water.  This  difficulty 
is  not  removed  by  fuppofing,  that 
fifhes  do  not  imbibe  any  part  of  the 
fea’s  faltnefs  with  their  food,  and  at- 
tributing the  efficacy  of  fea  water  in 
preferving  life,  to  the  fuperior  weight 
with  which  it  comprelTes  the  organs 
o of 
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of  refpiratiQn,  for  this  fuperior  weight, 
is  as  much  an  effedt  of  the  fait  dif- 
folved  in  it,  as  the  faline  tafte  itfelf. 
The  faltnefs  of  the  Cafpian  fea,  of  the 
lakes  of  Mexico,  and  Titicaca,  and  of 
other  large  colledtions  of  waters, 
which  have  no  effluent  rivers,  nor 
vifible  communication  with  the  fea, 
may  be  as  fuccefsfully  explained  up- 
on this  hypotheiis,  — that  the  fea 
was  at  the  creation  impregnated  with 
fait  — as  upon  either  of  the  pre- 
ceding. 

Befides  the  opinions,  concerning 
the  caufe  of  the  faline  impregnation 
of  the  - fea,  which  have  been  here 
mentioned,  there  is  another,  which 
future  ages  will,  probably,  fee  lefs 
queftionable  reafons  to  adopt  than 
we  do : I mean  that  which  maintains, 
that  fea  fait  is  conftantly  and  abun- 
dantly 
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dantly  generated,  both  on  the  furface 
of  the  earth,  and  in  the  bofom  of  the 
ocean. 

But  how  ineffeftual  foever  our  at- 
tempts may  be  to  explain  the  caufe 
of  the  faltnefs  of  the  fea;.  yet  one 
might  have  hoped,  that,  in  this  age 
of  philofophy  arid  curious  naviga- 
tion, the  degree  of  its  faltnefs  in  every 
latitude,  and  every  feafon  of  the  year, 
would  have  been  afcertained  by  ac- 
curate experiments.  The  acquiring 
knowledge  by  experiments,  is  a flow 
and  laborious  method,  but  it  is,  at  the 
fame  time,  a method  within  our  reach: 
whilft  the  theoretical  inveftigation  of 
the  proximate  caufe  of  any  natural 
phenomenon  often  furpafles,  and  that 
of  its  ultimate  caufe,  always  fur- 
pafles the  apprehenfion  of  the  humaa 
intellesft. 


Some 
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Some  experiments,  tending  to  the 
elucidation  of  this  point,  refpefting 
the  famenefs  or  diverfity  of  the  falt- 
nefs  of  the  fea,  in  different  places, 
were  made  in  the  courfe  of  the 
voyage  towards  the  North  Pole,  in 
1773.  We  learn  from  thefe  experi- 
ments, that  the  fea  water  at  the  NorCy 
contained  not  quite  3V  of  fait;  at  the 
back  of  Tarmouth  fands  not  quite  3V; 
off  Flamborough  Head  rather  more 
than  Fs-,  off  Shetland  rather  lefs  than 
xV;  latitude  74  at  fea  aVi  latitude  78 
, lefs  than  ; latitude  80,  near  the 
ice,  not  quite  3*0  > latitude  80.30,  un- 
der the  ice,  not  quite  33;  latitude 
68.46,  rather  more  than  33;  latitude 
65,  at  fea,  rather  lefs  than  33  *.  “ Dr. 

Hales 

• Thefe  feveral  quantities  are  derived  from 
the  experiments  mentioned  in  a Voyage  to- 
wards 
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Hales  got  only  from  water  taken 
up  in  the  Mediterranean^  and  -jV  from 
water  taken  up  at  the  Nore.  Dr. 
Rutty  fays,  he  got  -st  from  water 
taken  up  in  latitude  65 ; -sV  from 
water  taken  up  near  to  Dublin ; and 
•jV  from  water  taken  up  at  Dungar- 
njan and  Dr.  Lucas,  that  he  got  -sV 
from  fea  water  taken  up  at  Har- 
wich^ d'  The  reader  will  obfcrve 
that  thefe  experiments  do  not  per- 
feftly  accord,  as  to  the  quantity  of 
fait  contained  in  water  taken  up  at 
the  fame  place,  as  at  the  Note,  and 
in  latitude  65.  This  is  not  to  be 
wondered  at;  the  fea  water  in  the 
fame  latitude,  is  not  always  equally 
* di- 

wards the  North  Pole,  1773,  by  Conf.  John 
Phipps,  now  Lord  Mulgrave,  p.  143. 

• Monro  on  Mineral  Waters,  Vol,  I.  p. 

105. 
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diluted  by  the  frefh  water  which  falls 
from  the  atmofphere ; nor  can  we  be 
certain,  that  different  perfons,  in 
making  experiments  of  this  kind, 
have  always  ufed  the  fame  degree  of 
heat,  in  drying  the  refidue  which  re- 
mains after  the  evaporation  of  the 
water ; or  that  they  have  evaporated 
the  water  with  the  fame  degree  of  heat: 
and  yet  this  circumfcance  alone,  may 
occafion  a great  difparity  in  the  quan- 
tity of  the  faline  matter,  feparable  from 
a definite  weisiht  of  fea  water.  For  not 
to  infift  upon,  what  has  been  before 
mentioned,  the  decompofition  of  a 
part  of  the  fea  fait,  which  takes  place 
when  a folution  of  it  is  evaporated 
with  a great  heat,  it  may  be  obferved, 
that  the  fea  fait  in  fubftance  is  difperf- 
ed,  when  a faturated  folution  of  it  is 
evaporated  with  even  lefs  than  a boil- 
voL.  II.  H ine 
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ing  heat.  This  is  very  clearly  feen^ 
when  a fmall  quantity  of  a folution  of 
fea  fait  is  evaporated  to  drynefs  in  a 
deep  copper  veflel,  for  the  infide  of  the 
veflel,  which  can  come  in  contact  with 
nothing  but  the  vapour,  is  fpangled 
with  particles  of  fait,  which  have  been 
carried  up  with  the  vapour. 

It  appears  from  fome  experiments, 
formerly  made  in  a voyage  from 
England  to  Bombay  in  the  Eaft  Indies, 
that  the  weight  of  the  fea  water  was  the 
' greatefb,  not  precifely  at  the  Equator, 
but  where  the  fun  was  vertical,  and 
confequently,inIimilarcircumftances, 
where  the  heat  was  greateft.  The 
greateft;  weight  of  a definite  quantity 
of  fea  water,  which  was  obferved  in 
failing  from  28  degrees,  north  lati- 
tude, to  the  Cape  of  Good.  Hope, 
which  is  about  344  degrees  fouth  la- 
o titude. 
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titude,  in  the  months  of  May,  June, 
and  July,  was  at  St,  Jago  ifland, 
north  latitude,  1 5 degrees ; and  the 
leaft  was  at  Tenerif  ifland,  north  la- 
titude 28,  The  weights  of  equal 
bulks  of  Thames  water,  of  the  fea 
w'ater  at  Tenerif,  and  Sr.  Jago,  were 
659  — 673I  — 780^  grains*;  the 
proportion  ot  \vhich  numbers  may  be 
nearly  thus  expreffed. — ^Thames  wa- 
ter 1000,  — Tenerif  fea  water  1022, 
— Sr.  Jago  fea  water  1 1 84.  By  com- 
paring thefe  numbers  with  a Table 
in  the  Philofophical  Tranladtions, 
exhibiting  the  comiparative  weight  of 
equal  bulks  of  fimple  water,  and  of 
water  impregnated  with  different 
portions  of  fea  fait,  it  may  be  con- 
jectured, that  the  Tenerif  fea  water 
contained  about  of  fait,  and  the 

St. 

* Gentleman’s  Mag.  Vol,  XXV.  p.  260. 
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St.  Jago  water  above  x of  its  weight 
of  fait,  fo  that  it  was  nearly,  if  not, 
fully,  fiturated 

As  it  is  not  every  perfon  who  can 
make  Irimfelf  expert  in  the  ufe  of  the 
common  means,  of  eftimating  the 
quantity  of  fait  contained  in  fea  wa- 
ter, I will  mention  a method  of  do- 
ing it,  which  is  fo  eaiy  and  fimple, 
that  every  common  lailor  may  un- 
derftand  and  prailile  it;  and  which, 
at  the  fame  time,  from  the  trials  I 
have  made  of  it,  feems  to  be  as  ex- 
adt  a method,  as  any  that  has  yet  been 
thought  of.  — Take  a clean  towel  or 

any 

* I formed  the  table  here  referred  to  above 
10  years  ago;  J have  reafon  to  think,  that 
thofe  who  have  leifare  and  accurate  inkrii- 
ments,  might  make  it  more  coned,  by  ufing 
more  precaution  than  I did  in  fome  particu- 
lars, efpecially  in  what  relates  to  the  purity 
of  the  fait.  Philof.  Tranf.  1770,  p.  349^ 
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any  other  piece  of  cloth,  dry  it  well 
in  the  fun  or  before  the  fire,  then 
weigh  it  accurately,  and  note  down 
its  weight-,  dip  it  in  the  fea  water, 
and,  when  taken  out,  wring  it  a lit- 
tle till  it  will  not  drip,  when  hung 
up  to  dry,  weigh  it  in  this  wet  ftate, 
then  dry  it  either  in  the  fun  or  at  the 
fire,  and,  when  it  is  perfedlly  dry, 
weigh  it  again.  The  excefs  of  the 
weis;ht  of  the  v/etted  cloth  above  its 
original  weight,  is  the  weight  of  the 
fea  water  imbibed  by  the  cloth  -,  and 
the  excefs  of  the  weight  of  the  cloth, 
after  being  dried,  above  its  original 
weight,  ■ is  the  weight  of  the  fait  re- 
tained by  the  cloth-,  and  by  com- 
paring this  weight,  with  the  weight 
of  the  fea  water  imbibed  by  the  cloth, 
we  obtain  the  proportion  of  fak  con- 
tained in  that  fpecies  of  fea  water. 

H 3 Who- 
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Whoever  undertakes  to  afcertain 
the  quantity  of  fait,  contained  in  fea 
water,  either  by  this  or  any  other 
method,  would  do  well  to  obferve 
the  ftate  of  the  weather  preceding 
the  time  v/hen  the  fea  water  is  taken 
out  of  the  fea,  for  the  quantity  of 
fait  contained  in  the  water  near  the 
furface,  may  be  influenced,  both  by 
the  antecedent  moillure,  and  the  an- 
tecedent heat  of  the  atmofphere. 
And  this  leads  to  the  confideration 
of  a queftion  propofed  by  AriJlotU  *, 
~ Why  are  the  upper  parts  of  the 
fea  falter  and  warmer  than  the  lower  ? 
— Some  philofophers  admitting  the 
fad,  have  followed  him  in  attempt- 
ing to  explain  it;  whilft  others  have 
thought  themfelves  authorized  by  ex- 
periment, to  deny  the  truth  of  the 

po- 


• Arift.  Prob.  S.  xxiii.  9. 30. 
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pofition;  and  thofe,  perhaps,  will 
argue  with  the  greateft  juftnefs,  who 
lhall  affirm,  that  it  is  neither  gene- 
rally to  be  admitted,  nor  generally 
to  be  rejedted,  but  that  the  fea  in 
fome  places,  and  under  certain  cir- 
cumftances,  is  falter  and  warmer  at 
the  furface,  than  at  any  confiderable 
depth  beneath  it,  while  in,  many  others 
the  reverfe  is  true.  The  queftion 
confifts  of  two  parts,  betwixt  which, 
though  there,  probably,  is  a con- 
nexion, yet  it  is  not  fo  necelTary  a one, 
as  to  hinder  us  from  confidering  each 
part  by  itfelf. 

As  to  the  faltnefs  of  the  fea  at  dif- 
ferent depths,  we  have  different  ac- 
counts concerning  it.  There  are 
two  methods  of  eftimating  the  rela- 
tive quantities  of  fait  contained  in 
H 4 differ- 
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different  fpecimens  of  fea  water;  one 
confifts  in  weighing  equal  bulks  of 
them,  fuppofe  a pint,  or  a bottle 
full  of  each;  for  if  they  have  equal 
weights,  it  is  fafely  enough  inferred, 
that  they  contain  equal  quantities  of 
fait : the  other  confifts  in  evaporat- 
ing a pint,  or  any  other  meafure  of 
fea  water,  and  weighing  the  fait 
(which  is  not  evaporable)  remaining 
after  the  water  is  wholly  diffipated. 
Mr.  Boyle  found,  that  equal  bulks 
of  water  taken  up  in  the  Channel  be- 
tween France  and  England  at  the  fur- 
face,  and  at  the  depth  of  fifteen  fa- 
thoms, .were  equally  heavy,  and 
thence  he  concludes,  that  the  fuper- 
ficial  water  was  as  fait  as  that  at  a 
great  depth  *. 

On 

• Boyle’s  Obferv,  on  the  Saltnefs  of  the 

£ea9 
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On  the  other  hand.  Count  Mar- 
filli  obtained  by  evaporating  the 
water,  a thirty-fecond  part  only  of 
its  weight  of  fait  from  water,  taken 
up  on  the  furface  of  the  fea  in  the 
gulf  of  Lyons,  whilft  that  taken  up 
at  the  fame  time  and  place  from  a 
great  depth  gave  him  a twenty-ninth 
part  of  its  weight  of  fait ; and  he 
thence  infers,  the  greater  faltnefs  of 
the  fea  at  the  bottom-  than  at  its 
furface^.  In  this  conclulion  he  has 
been  fupported  by  experiments  made 
in  the  gulf  of  Bothnia. 

There  can  be  no  reafon  to  fufpedl 
the  accuracy  with  which  any  of  thefe 
experiments  was  made ; in  different 
places  the  fadts  will  probably  be 
different.  The  Rhone  difeharges 
much  fre/h  water  into  the  gulf  of 

Lyons j 


* Hiftoire  Phyf.  de  la  Mer. 
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Lyons',  this  frefh  water  being  lighter 
than  the  fea  water,  will  not  readily 
mix  itfelf  with  it,  and  for  this  reafon 
the  fuperficial  ’ water  will  be  mofl: 
diluted  by  it,  and  from  that  circum- 
ftance  it  will  contain  lefs  fair,  in  a 
definite  quantity,  than  the  water 
which  is  at  a greater  depth.  At 
Northwich  they  pump  their  brine, 
which  is  to  be  boiled  into  fait,  into 
a very  large  circular  bafon,  funk  in 
the  ground,  and  lined  with  brick, 
from  whence,  when  its  impurities 
are  fubfided,  it  is  conveyed  to  the 
boiling  pans.  This  bafon  is  expofed 
to  the  open  air,  and  in  cafe  of  a 
great  fall  of  rain,  or  fnow,  they  let 
off  the  uppermoft  parts  of  the  water 
through  a wooden  tube,  which  is  at 
other  times  flopped  with  a plug, 

placed 
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placed  upon  a level,  nearly,  with 
the  upper  furface  of  the  brine  in  the 
bafonj  what  is  thus  let  off  is  not 
preferved,  but  thrown  away  as  ufe- 
lefs.  This  praftice  proceeds  upon 
the  principle  we  are  fpeaking  of, 
namely,  that  frefh  water  is  not  apt 
to  mix  itfelf,  unlefs  it  be  much  agi- 
tated with  fait  water.  The  gulf  of 
Bothnia  receives  rivers  from  an  im- 
menfe  range  of  mountains,  extend- 
ing themfelves  to  the  eaft,  the  north, 
and  the  weft,  far  beyond  the  polar 
circle  •,  and  therefore,  as  in  the  gulf 
of  Lyons,  its  furface  may  be  more 
diluted  w'ith  frefli  water  than  its 
middle  or  bottom.  But  in  the  water 
of  the  Englijh  channel.,  with  which 
Mr.  Boyle  made  his  experiment,  the 
cafe  is  very  different.  This  water 

has 
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has  a communication  with  the  Ger- 
man ocean  on  one  fide,  and  with  the 
Atlantic  on  the  other ; and,  from 
that  circumftance,  it  is  fubjedt  to 
fuch  a conftant  agitation  as  will  oc- 
cafion  ail  the  frefh  v/ater,  poured 
into  it  by  the  Thames,  Medway, 
and  other  rivers  of  lefs  confequence, 
to  be  uniformly  diffufed  through  all 
its  fubftance,  fo  as  to  render  it 
equally  fait  at  ail  depths.  The  con- 
ftant effedl  produced  on  the  fupei^ 
ficial  water  of  the  fea,  by  the  influx 
of  a large  river,  is  fomewhat  fimilar 
to  the  temporary  effedl,  attending  a 
downfal  of  rain ; the  fuperficial  water 
will  be  thereby  much  diluted.  It 
was  obferved  in  the  voyage  to  Bom- 
bay before  referred  to,  that  if  a 
quantity  of  fea  water  in  dry  weather 

weighed 
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weighed  778  grains,  an  equal  quan-  , 
tity  immediately  after  a fall  of  rain 
would  not  weigh  above  676  grains, 
the  fame  quantity  of  Thames  water 
weighing  659  grains.  Hence  it  may 
be  colieded,  that  the  weight  of  a 
cubic  foot  of  the  fea  water  before 
rain  exceeded  the  weight  of  a cubic 
foot  after  rain  by  55  ounces. 

In  the  voyage  which  Avas  made 
towards  the  North  Pole  in  1775, 
we  meet  wiih  fome  experiments  on 
this  fubjed. 

In  the  open  fea  off  Shetland,  north 
latitude  60  degrees,  equal  quantities 
of  water  were  taken  up  at  the  fur- 
face,  and  at  the  depth  of  fixty  five 
fathoms-,  thefe  different  waters  yield- 
ed by  evaporation  equal  quantities 
of  fait,  namely,  of  their  weight 
nearly. 


On 
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On  another  occafion,  in  north  la- 
titude 65  degrees,  fome  water  taken 
up  from  the  furface  gave  nearly  aV 
of  its  weight  of  fait,  whilfl:  an  equal 
weight  taken  up  from  the  depth  of 
683  fathoms  in  the  fame  place  gave 
only  -sfe*. 

It  is  obvious  that  the  firft  of  thefe 
experiments  confirms  Mr.  Boyle’s 
notion  of  the  fea  being  equally  fait 
at  all  depths,  and  that  the  fecond  is 
wholly  oppofite,  both  to  his  opinion, 
and  that  of  Count  Marfilli,  fo  that 
the  queftion  remains  ftill  undecided. 
There  is  a circumftance,  however, 
which  I will  fubmit  to  the  reader’s 

confide- 

* In  page  143,  from  which  this  account 
is  extradled,  the  latitude  is  put  equal  to  75 
degrees ; but  it  appears  from  pages  1 17  and 
137,  that  the  fhip  on  the  4th  of  Sept,  when 
this  experiment  was  made,  was  in  latitude  65. 
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confideration,  whether  it  may  not  be 
fufficient  to  explain  the  different  re- 
fults  of  the  experiments  made  during 
the  voyage  here  fpoken  of.  The 
experiments  which  gave  equal  quan- 
tities of  fait  from  equal  quantities 
of  water,  taken  up  at  the  furface, 
and  at  the  depth  of  65  fathoms, 
were  made  on  the  12th  of  June;  the 
others,  which  gave  more  fait  from 
the  fuperficial,  than  from  the  deep 
water,  were  made  on  the  4th  of  Sep- 
tember. Now,  admitting  the  falt- 
nefs  of  the  fuperficial  water,  and  of 
water  at  the  depth  of  683  fathoms 
to  have  been  the  fame,  in  the  begin- 
ning of  June,  why  may  not  the 
quantity  of  water,  evaporated  from 
the  furface  of  the  fea,  during  the 
hot  months  of  July  and  Auguft, 
have  left  the  fuperficial  water  more 


impreg- 
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impregnated  with  fait  than  the  water* 
at  a great  depth  ? It  is  fome  confir- 
rnation  of  this  notion,  that  the  air 
in  June  was  only  6 degrees  warrrter 
than  the  water  from  the  depth  of 
65  fathoms,  and  that  the  air  in  Sep- 
tember, when  the  experiment  was 
made,  was  above  26  degrees  hotter 
than  the  v/ater  from  the  depth  of 
683  fathoms.  The  rife  of  frefh 
fprings  at  the  bottom  of  the  fea,  in 
particular  places,  may  be  another 
reafon  for  our  accidentally  finding 
the  fea  faker  at  its  furface  than  at 
any  great  depth  below  it.  How- 
ever, neither  of  the  reafons  here 
offered  in  explanation  of  the  pheno- 
menon are  wholly  to  be  relied  on ; 
for  the  frefh  water  which  may  acci- 
dentally be  found  at  the  bottom  of 
the  fea  will  rife  up  till  it  becomes  as 

much. 
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much  impregnated  with  fait,  as  the 
water  incumbent  over  it  is  ; and  the 
water  at  the  furface,  which  is  ren- 
dered heavier  by  the  fun’s  having 
evaporated  fome  of  it-;  frefh  particles, 
will  probably  fink  downwards,  and 
mix  itfelf  with  the  water  below  it, 
rill  the  whole  mafs  of  water  becomes 
equally  heavy,  and  confequently  ■ 
equally  fait.  The  fa£t  itfelf,  of  the 
fea  being  in  any  cafe  falter  at  the 
furface  than  at  its  bottom,  ought  to 
be  afeertained  by  repeated  experi- 
ments. 

With  refpeft  to  the  temperature 
of  the  fea  at  different  depths,  it 
feems  reafonable  enough  to  fuppofe, 
that  in  fummer  time  it  will  be  hotter 
at  the  furface  than  at  any  confider- 
abie  depth  below  it,  and  that  in 
winter  it  will  be  colder.  Suppofe  a 
VOL  ir.  I cittern. 
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ciftern,  twelve  feet  in  depth,  to  be 
filled  with  fpring  water,  of  48  degrees 
warmth,  to  the  height  of  eleven  feet; 
then,  if  we  fill  up  the  ciftern  to  its 
top,  by  gently  pouring  water  heated 
to  100  degrees  upon  the  furface  of 
the  fpring  water^  it  may  readily  be 
underftood,  that  the'  heat  of  this 
water  will  not  be  inftantaneoufly 
communicated  through  the  whole 
mafs  of  water  in  the  ciftern,  but  that 
the  water  will  decreafe  in  heat  from 
the  furface  to  the  bottom  of  the 
ciftern.  On  the  other  hand,  if  on 
the  II  feet  of  fpring  water  heated 
to  48  degrees,  we  pour  a foot  of 
water  heated  only  to  33  degrees,  it 
may  be  expefted,  that  the  fpring 
water,  which  is  neareft  to  the  cold 
water,  will  be  fooner  cooled  by  it 
than  that  which  is  at  a greater 

diftance; 
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diftance;  and  on  this  account  the 
water  at  the  bottom  of  the  ciftern 
will  be  warmer  than  that  in  the 
middle  or  at  the  top.  It  muft  be 
obferved,  however,  that  cold  water 
being,  bulk  for  bulk,  heavier  than 
hot  water,  the  water  which  has  only 
33  degrees  of  heat  will  defcend  by 
its  fuperior  weight,  into  the  mafs  of 
water  contained  in  the  ciftern,  and 
thus  the  w'ater  in  the  ciftern  will  be 
cooled,  not  only  by  the  bare  com- 
munication of  cold  from  the  upper 
water,  but  by  the  adlual  mixture  of 
that  water  with  the  reft,  fo  that  the 
difference  between  the  heat  of  the 
water  at  the  bottom  and  top,  will 
not  be  fo  great  as  it  would  have 
been,  if  the  cold  water  had  not 
mixed  itfeif  with  the  reft.  Thefe 
1 2 fuppo- 
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fuppofitions  of  hot  and  cold  water 
incumbent  on  the  fpring  water  in 
the  ciftern,  are  analogous  to  the 
-aftion  of  the  fummer  and  winter 
atmofpheres  incumbent  on  the  fur- 
face  of  the  fea.  No  perfon,  who 
has  bathed  in  deep  Handing  water  in 
fummer  time,  can  have  failed  to 
obferve,  that  the  water  grew  colder 
and  colder,  according  to  the  depth 
to  which  he  defcended.  I have  fre- 
quently obferved,  that  the  furface  of 
a pool  of  water  of  two  feet  in  depth, 
has  in  a funny  day,  even  in  winter, 
been  five  degrees  hotter  than  the 
water  at  its  bottom. 

Mr.  Wales  defcribes  the  inftru- 
ment  he  made  ufe  of  for  trying  the 
temperature  of  the  fea  at  different 
.depths,  in  the  following  terms : 

“ The 
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« The  apparatus  for  trying  the  heat 
of  tlie  fea  water  at  different  depths, 
confifted  of  a fquare  wooden  tube, 
of  about  1 8 inches  long,  and  3 
inches  fquare  externally.  It  was 
fitted  with  a valve  at  the  bottom, 
and  another  at  the  top,  and  had  a 
contrivance  for  fufpending  the  ther- 
mometer exadlly  in  the  middle  of  it. 
When  it  was  ufed,  it  was  faftened’ 
to  the  deep-fea  line,  juft  above  the 
lead,  fo  that  all  the  way  as  it  de- 
fended the  water  had  a free  paffage 
through  it,  by  means  of  the  valves 
which  were  then  both  open  ; but  the 
inftant  it  began  to  be  drawn . up, 
both  the  valves  clofed  by  the  pref- 
fure  of  the  water,  and  ofcourfe  the 
thermometer  was  brought  up  in  a 
body  of  water,  of  the  fame  tempera- 
I 3 ture 
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tore  with  that  it  was  let  down  to*.” 
With  this  inftrument,  which  is  much 
the  fame  with  one  formerly  defcribed 
by  Mr.  Boyle,  in  his  obfervations 
about  the  faltnefs  of  the  fea,  water 
was  fetched  up  from  different  depths, 
and  its  temperature  accurately  no- 
ticed, in  different  feafons  and  latitudes. 

Auguft  27,  1772,  fouth  latitude 
24®.  40'.  The  heat  of  the  air  was 
72I:,-— of  the  water  at  the  furface 
70,  — of  water  from  the  depth  of 
So  fathoms  68  f. 

December  27,  1772,  fouth  lati- 
tude 58°.  21'.  The  heat  of  the  air 
was  3 1 4: — of  the  water  at  the  fur- 

face 

• See  Aftronomical  Obfervations  made  in 
a Voyage  towards  the  South  Pole,  &c.  in 
177a,  1773,  by  W.  Wales.  Introduc- 
tion, p.  53. 

f Wales’  Obfer.  p.  206. 
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face  32  — of  water  from  the  depth 
of  160  fathoms  33  t*. 

In  the  voyage  to  the  high  northent 
latitudes  before  mentioned,  they 
made  ufe  of  a bottle  to  bring  up 
water  from  the  bottom,  which  is 
thus  defcribed.  “ The  bottle  had  a 
coating  of  wool,  three  inches  thick, 
which  was  wrapped  up  in  an  oiled 
Ikin,  and  let  into  a leather  purfe,. 
and  the  whole  inclofed  in  a well-- 
pitched  canvas  bag,  firmly  tied  to- 
the  mouth  of  the  bottle,  fo  that  not 
a drop  of  water  could  penetrate  tO’ 
its  furfacc.  A bit  of  lead  fhaped 
like  a cone,  with  its  bafe  down- 
wards, and  a cord  fixed  to  its  fmall 
end,  was  put  into  the  bottle ; and  a 
piece  of  valve  leather,  v/ith  half  a 
dozen  flips  of  thin  bladder  were 

flrung 

* Wales’  Obfer.  p.  208. 
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ftrung  on  the  cord,  which,  when 
pulled  efFedlually,  corked  the  bottle 
on  the  infide.”  I have  here  put 
down  two  of  the  experiments  which 
were  made  during  that  voyage. 

Augufl;  4,  177^,  north  latitude 
80".  30'.  The  heat  of  the  air  was 
32,  — of  the  water  at  the  furface 
36,  — of  water  fetched  up  from  the 
depth  of  60  fathoms  under  the  ice 

39* 

September  4,  1773,  north  latitude 
65°.  The  heat  of  the  air  was  66i,~ 
of  the  water  at  the  furface  55,  — of 
water  from  the  depth  of  683  fa- 
thoms 40. 

It  appears  from  all  thefe  experi- 
ments that,  when  the  atmofphere 
was  hotter  than  the  furface  of  the 
fea,  the  fuperficial  water  .was  hotter 

than 

• Voy.  towards  the  North  Pole,  p.  143. 
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than  that  at  a great  depth  and  when 
the  atmofphere  was  colder  than  the 
furface  of  the  fea,  it  is  evident  that 
the  fuperficiai  water  was  fomewhat 
colder  than  that  at  a confiderable 
diftance  below  it : and  I doubt  not 
that  this  will  generally  be  the  cafe, 
though  fudden  changes,  in  the  tem- 
perature of  the  atmofphere,  which  ’ 
cannot  be  inftantly  communicated  to 
the  fea,  may  occafion  particular  ex- 
ceptions. 

In  the  year  1779,  feveral  experi- 
ments were  made,  with  great  accu- 
racy, in  order  to  inveftigate  the  tem- 
perature of  the  lake  of  Geneva^  and 
of  other  lakes  in  Switzerland,  at 
different  depths ; we  learn  from  them, 
that  in  winter  time  there  is  very 
little  difference  between  the  heat  of 

the 
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the  water  at  the  furface,  and  at  a 
great  depth  below  it;  but  that  in 
fummer,  the  fuperficial  water  is  con- 
fiderably  warmer  than  that  which  is 
at  a great  diftance  from  the  furface» 
The  experiments  were  made  with  a 
thermometer  graduated  after  Reau- 
mur’s fcale ; fome  of  them,  reduced 
to  Fahrenheit’s  fcale,  are  exp  refled 
below. 

Temperature  of  the  lake  of  Ge- 
neva at  different  depths,  in  the  be- 
ginning of  February  1779,  after  a 
month’s  uninterrupted  froft. 


Heat  of  the  open  air  variable  from 
37  to  40  degrees. 


Water  at  the  furface  of  the  lake  - 

42 1 

Depth  100  feet 

421 

Depth  250  feet 

42 1 

Depth  950  feet,  bottom 

In 
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In  another  part  of  the  lake, 
air  from  37  to  40. 

open 

Surface  - - . 

42 1 

Depth  350  feet 

42 1 

Depth  620  feet,  bottom 

4*  so 

Temperature  of  the  lake  of  Nm- 

chdtel  ]i\\y  17,  1779. 

Air  . . - 

75  T 

Surface  - - • 

73  1 

Depth  325  feet,  bottom 

41 

• The  reader  will  find  a great  many  other 
experiments  of  the  fame  nature,  in  the  firft 
volume  (the  only  one  yet  publlihed)  of  a very 
interefting  work,  intitled.  Voyages  dans  les 
Alpes,  par  Horace-Benedid  de  Sauflure,  Pro- 
fefibr  of  Philofophy  at  Geneva. 


ESSAY 


ESSAY  V. 


Of  frejl^  Water  procurable  from 
Sea  Water,  by  Co7igelation,  and 
by  Diflillation. 

“A  1 "MiE  fecond  day  v/e  defcried 
A a’main  bank  of  ice,  in  the  la- 
titude of  6o°.  We  wanting  frelb  water 
did  fail  clofe  to  this  land  of  ice,  and 
hoified  out  our  boat,  and  loaded  her 
twice  with  ice,  wdiich  made  us  very 
good  frcth  water  — • About  nine 

of 

* Cap.  Weymouth’s  Voy.  in  1602.  Pur- 
chafs’  Cob  B.  iv.  c.  1 3. 
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of  the  clock  in  the  forenoon  we  came 
by  a great  ifland  of  ice,  and  by  this 
ifland  we  found  fome  pieces  of  ice 
broken  off  from  the  faid  ifland,  and 
being  in  great  want  of  frefh  water,  we 
hoifted  out  our  boats  of  both  Ihips, 
and  loaded  them  twice  with  ice, which 
made  us  very  good  frefh  water  — - 
“ The  pieces  of  ice  we  took  up  were 
hard  and  folid  as  a rock,  the  fait  wa- 
ter which  adhered  to  the  ice,  was  fo 
trifling  as  not  to  be  tailed,  and  after 
it  had  lain  on  deck  a little  time,  in- 
tirely  drained  off,  and  the  water 
which  the  ice  yielded  was  perfedly 
fweet  and  well  rafted  -fj’ — “In  the 
afternoon  we  filled  our  caflcs  with 

frefh 

* Cap.  Weymouth’s  Voy.  in  1602.  Pur- 
chafs’  Col.  B.  iv»  c.  1 3. 

f Cook’s  Voy,  towards  the  S.  Pole  in  I773» 
Vol.I.  p.37. 
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frefh  water,  from  the  ice,  which  we 
found  very  pure  and  foft 

Notwithftanding  thefe  teftimonies 
of  our  mod  experienced  navigators, 
concerning  the  frefli  water  which 
they  procured  from  the  thawing  of 
the  ice,  they  found  floating  in  the 
fea ; yet  it  might  ftill  remain  a mat- 
ter of  doubt,  whether  the  ice,  from 
which  the  water  was  obtained,  had 
been  formed  in  the  fea,  and,  confe- 
■quently,  whether  fea  water  itfelf 
would  when  frozen  yield  frefh  water  ? 
For  it  might,  with  fome  appearance 
of  probability,  be  faid,  that  the  ice 
had  either  been  formed  at  the  mouths 
of  large,  frefh  water  rivers,  and  thence 
by  tides  or  torrents  drifted  into  the 
fea;  or  that  it  had  been  broken  by 

its 

• Phipp’s  Voy.  towards  the  N.Pole  in  1773, 

p,  60. 
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its  own  weight,  from  the  immenfe 
clifts  of  ice  and  frozen  fnow,  which, 
in  countries  where  there  are  few  ri- 
vers, are  found  in  high  latitudes  to 
projedt  a great  way  into  the  fea*; 
or  lafl-ly,  admitting  it  to  be  formed 
in  the  fea,  it  might  be  urged,  that  it 
was  formed  of  frefh  water,  not  of 
fait.  Fotherbye^  in  his  voyage  in  1614, 
efleems  fnow  the  original  caufe  of  the 
ice  found  at  fea,  for  he  obferved  it 
to  be  an  inch  thick  upon  the  furface 
of  the  fea-,  and  Captain  Cook,  from 
his  own  obfervations  in  the  South 

Sea 

• Icebergs  are  large  bodies  of  ice  filling  the 
vallles  between  the  high  mountains. — Large 
pieces  frequently  break  off  from  the  icebergs, 
and  fall  with  great  noife  into  the  water  : we 
obferved  one  piece,  which  had  floated  out 
into  the  bay,  and  grounded  in  twenty-four 
fathom  ; it  was  fifty  feet  high  above  the  fur- 
face  of  the  water.  Phipps’  Voy.  p.  70. 


( 145  ) 

Sea,  was  difpofed  to  think,  that  the 
vaft  floats  of  ice  he  met  with  in  the 
fpring,  were  formed  from  the  conge- 
lation of  fnow  -f*.  Without  doubt, 
the  fnow  which  falls  upon  the  furface 
of  the  fea,  being  in  a folid  ftate,  and, 
bulk  for  bulk,  lighter  than  the  fea 
water,  will  not  readily  mix  itfelf  with 
it;  but  may,  by  a due  degree  of  cold 
in  the  atmofphere,  be  fpeedily  con- 
verted into  a layer  of  ice-,  the  upper 
furface  of  this  firfl:  layer  of  ice,  being 
elevated  above  the  furface  of  the  fea, 
will  receive  all  the  frefli  water  which 
falls  from  the  atmofphere  in  the  form 
of  fnow,  fleet,  rain,  or  dew  j by  the 
fucceflive  congelation  of  which,  the 
largefl:  fields  of  ice  may  ,at  laft  be 
formed..  Whether  the  ice  found  at 

fea, 

t Voy.  towards  the  S.  Pole,  Vol.  II.  p. 
241. 
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fea,  be  formed  according  to  any  one 
or  all  of  thefe  ways,  it  is  evident, 
that  it  is  produced  from  an  accumu- 
lation of  congealed  frefh  water,  and 
that  we  cannot,  from  the  frelh  water 
procurable  from  ice  thus  formed, 
conclude  that  the  ice  of  frozen  fea 
water  would  yield  frelh  water. 

To  a navigator,  it  is  a matter  of  lit- 
tle confequence  to  determine,  whence 
the  ice  which  fupplies  him  with  frefh 
water  is  produced,  he  is  fure  of  meet- 
ing with  more  than  enough  of  it  for 
his  purpofe,  and  he  leaves  it  to  the 
leifure  of  philofophers  to  decide  the 
queftion,  whether  congealed  fea  wa- 
ter will,  when  thawed,  yield  frefh 
water.  They  have  decided  it  by 
aftual  experiments,  made  with  every 
fuitable  attention.  Some  fea  water 
was  taken  up  off  tire  North  Foreland^ 
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It  was  expofed  to  a freezing  atmpf- 
phere,  and  it  afforded  an  ice  perfedly 
free  from  any  tafte  of  fait.  The  fpe- 
cific  gravity  of  the  water,  produced 
from  the  melting  of  the  ice,  was 
fomewhat  greater  than  that  of  diftil- 
led  rain  water,  and  fomewhat  lefs 
than  that  of  a mixture  of  rain  and 
fnow  water  taken  out  of  a water  tub. 
The  degree  of  cold,  in  which  the  lea 
water  froze,  was  2 Si  of  Fahrenheit’s 
thermometer,  or  lower  than  that  in 
which  common  water  freezes  *.  The 
degree  of  cold,  however,  in  which 
fea  water  freezes,  cannot  be  afcer- 
tained  in  general,  unlefs  it  can  be 
fliewn,  that  the  fea  water,  taken  up 
in  different  latitudes,  contains  equal 
quantities  of  fait,  the  contrary  of 
which  is  probably  true.  And  in 

general, 

• Philof.  Tranf.  for  1776.  p.  251.  & 37J,. 


( i’48  ) 

general,  the  greater  the  quantity  of 
fait  contained  in  any  portion  of  fea 
water,  the  greater  will  be  the  degree 
of  cold  neceffary  to  freeze  it. 

We  had  afharp  froft  at  Cambridge 
on  the  2ift  of  laft  December  •,  I fill- 
ed a thin  phial,  holding  8 ounces, 
with  fea  water,  which  contained  ra 
of  its  weight  of  fait,  and  expofed  it, 
fufpended  from  the  branch  of  a tree, 
during  the  night  of  the  day  before 
mentioned,  to  the  cold  of  the  atmof- 
phere.  In  the  morning  I found  that 
a part  of  the  water  had  been  frozen : 
I poured  the  unfrozen  part  from  the 
other,  and  having  rinfed  the  ice  in 
frefli  water,  fo  as  to  feparate  from  it 
the  fait  water  which  adhered  to  it, 
I thawed  it  before  the  fire,  and  found 
the  water  which  it  gave  to  be  wholly 
free  from  fait. 


It 
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It  had  been  long  ago  aflerted  by 
Macrobius  *,  that  fea  water  was 
never  frozen,  but  that  the  ice  found 
at  fea,  proceeded  from  the  freezing 
of  the  frefli  water  fpread  over  its  fur- 
face  by  the  influx  of  rivers.  And  in 
modern  times,  the  opinion,  concern- 
ing the  freezing  of  fea  water,  feems 
to  have  been  admitted  with  great 
caution,  by  our  moft  experienced 
navigators.  They  were  aware,  in- 
deed, that  the  Baltic  and  other  large 
feas,  were  frequently  frozen  quite 
over, but  they  appear  to  have  thought, 
that  falls  of  fnow  laid  a fufficient 
foundation  for  the  produftion  of 
that  event,  “ without  its  being  at  all 
neceflTary  for  the  fea  water  to  freeze  J.” 
I cannot  conceive,  that  there  was  any 

great 

• Macrob.  Sat.  1.  vii.  c.  12. 

X Cook's  Voy.  Vol.  II.  p.  242. 
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great  occalion  for  this  cautious  mode 
of  expreffion,  fince  it  had  been  ob- 
ferved,  above  a hundred  years  ago, 
that  not  only  fea  water,  but  water 
containing  double  the  proportion  of 
fait  commonly  found  in  our  fea  wa- 
ter, and  more  than  is  contained  in 
the  fea  water  of  any  climate,  might 
be  frozen  by  the  cold  prevailing  in 
our  atmofphere  *. 

This  freezing  of  fea  vrater,  more- 
over, was  formerly  praftifed,  and,  I 
believe,  is  ftill  praflifed  in  feveral 
parts  of  the  north  of  Europe,  with  a 
view  to  leffen  the  expence  and  trou- 
ble of  extrafting  fait  from  fea  water -f. 
Stahl  informs  us  of  a chemift,  who, 

near 

• Boyle’s  Works,  fol.  ed.  Vol.  II.  p.  264. 

t Junck.  Cons.  Chem.  Tab.  xviii.  f.  15. 
And  Wallerii  Mineral.  French  Tranf.VoI.  I- 
p.  316, 
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near  a century  ago,  endeavoured  to 
expedite  the  bufinefs  of  making  fait 
in  Sweden  and  Livonia,  by  means  of 
froft.  With  this  view  he  propofed 
the  making  large  refervoirs  to  con- 
tain the  fea  water,  and  the  pumping 
the  concentrated  brine  from  under 
the  ice  into  proper  vefTels,  to  be  boil- 
ed in  the  ordinary  way.  He  ob- 
tained a patent,  but  a cornbination  of 
falt-boilers  ruined  his  projeft  *. 

I cannot  fee  why  this  cuftom  might 
not  be  introduced  into  England  with 
great  advantage.  A third  part  at 
leaft  of  fea  water,  may,  by  freezing, 
be  converted  into  ice  by  the  ordinary 
cold  of  our  winters ; this  ice,  con- 
fiding intirely  of  frefh  water,  may  be 
thrown,  away  as  ufelefs,  and  the  re- 
maining 

* Tralte  des  Sels,  par  M,  Stahl.  French 
Tranf.  1771.  p.  I43‘ 

K4 
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mainingtwo  thirds, being  boiled  down, 
will  give  all  the  fait  contained  in  the 
whole  of  the  fea  water;  thus  there 
would  be  a faving  at  leaft  of  one 
third  part  of  the  fuel  employed  in 
boiling  fea  water  into  fait  *.  When 
it  is  faid,  that  the  unfrozen  fea  water 
contains  all  the  fait,  this  mull  be  un- 
derftood  with  feme  reftridlion,  fince 
it  is  probable,  that  the  frozen  part 
will,  vipon  moft  occafions,  hold  a 
little  fait,  but  not  lb  much  as  is  con- 
tained 

* Briflol  and  other  waters  containing  earth, 
are  found  to  depoiit  their  earth,  or  a great 
portion  of  it,  by  being  frozen.  Brownrigg  on 
Salt,  p.  76.  Some  ice,  taken  from  under 
the  furface  of  the  fea  in  Hudfon\  Streights, 
being  melted,  gave  6 ounces  of  fait  from  40 
quarts  of  water.  — It  is  probable,  that  it 
would  not  have  given  fo  large  a proportion 
of  fait  had  it  been  previoufly  cleanfed  from 
the  adhering  fea  water.  Philof.  Tranf.  1740. 
p.  807. 
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tained  in  many  fpring  waters,  which 
are  reckoned  fufficiently  pure.  Eight 
pounds  of  frozen  fea  water,  taken  up 
near  Calais,  left  upon  evaporation  32 
grains  of  refiduum,  about  half  of 
which  was  fea  fait.  The  fame  quan- 
tity of  unfrozen  fea  water,  taken  up 
at  the  fame  place  after  the  froft,  left 
by  evaporation  1412  grains  of  refi- 
duum,  fo  that  the  water  by  being 
frozen,  had  freed  itfelf  from  1380 
grains  of  heterogeneous  matter  *. 

The  ice  found  at  fea  is  of  different 
colours  and  confitlences,  fome  is  po- 
lifhed  and  pellucid,  and  thought  to 
be  frefh  water  ice ; another  kind  is 
of  a fpungy  texture,  and  ,of  a pale 
green  colour  like  vitriol  ; and  it  has 
been  affirmed,  that  this  kind  of  ice 

is 

• Journ.  des  Sjavans  Mai.  1769.  See  alfo 
Boerh.  Chera.  Vol.  I.  p.721. 
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is  fait,  and  conlifts  of  fait  water 
frozen  *.  This  is  a miftake,  both  as  to 
the  fadl  and  the  reafon  of  it ; for  the 
vitriol  coloured  ice,  when  freed  from 
the  fait  water  in  which  it  fwims,  is 
quite  frelh  f,  and  fea  water  when 
frozen,  we  have  feen,  does  not  yield 
a fait  ice. 

We  may,  perhaps,  be  lefs  furprifed 
at  the  particles  of  water,  in  which 
fea  fait  is  diflblved,  feparating  them- 
felves  from  the  particles  of  the  fait, 
and  coalefcing  together  without  ad- 
mitting any  junftion  with  fuch  a 
heavy  extraneous  body,  when  we 
confider,  that,  during  the  a<5bion  of 
freezing,  they  refufe  all  union  even 
with  the  air  itfelf.  Water  in  its  fluid 

fl:ate 

* Crantz’s  Hift.  of  Greenland,  B.  I,  c.  ii. 
f.  13. 

f Philof.  Tranf.  for  1770,  p.  ii i. 
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ftate  is  faturated  with  air,  but  it  is  in 
a great  meafure,  if  not  wholly,  de- 
prived of  it  by  being  frozen;  and 
luodern  philofophers  have  followed 
the  opinion  of  Ariftotle,  in  attribut- 
ing the  infalubrity  (real  or  fuppofed) 
of  water  which  has  been  frozen  to 
the  lofs  of  its  air  *.  “ The  water 

we  melted  out  of  the  ice  (taken  up 
at  fea)  was  perfedly  frefh,  and  had  a 
purer  tafte  than  any  we  had  on 
board.  If  any  fault  could  be  found 
with  it,  it  was  that  the  fixed  air  was 

ex- 

* Non  Iblo  rigore  nivalis  aqua  perniciola 
eft,  fed  cb  aliam  caufam  quam  non  pigebit 
aperire  auftore  Ariftotele.  Oranis  aqua,  in- 
quit, habet  in  fe  aeris  tenuiflimi  portionem 
qux  falutaris  eft  — nix  ergo  qux  nihil  aliud 
eft  quam  aqua  in  aere  denfata  tenuitatem  fui 
cum  denfaretur  amiftt,  et  ideo  ex  ejus  refo- 
lutx  potu  diverfa  morborum  genera  vifceribus 
inieminantur,  Macrob.  Sat. 
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expelled  from  it,  by  which  means 
alinoft  every  one  who  ufed  it,  was 
affedled  with  fwellings  in  the  glands 
of  the  throat.  Water  melted  from 
fnow  or  ice  is  known  always  to  have 
this  effefl,  and  the  conftant  ufe  of 
it  in  mountainous  countries  pro- 
duces thofe  enormous  wens  which 
are  common  among  Alpine  nations*”. 
If  the  lofs  of  the  water’s  air  be  the 
true  caufe  of  the  tumid  throat,  ob- 
fervable  among  the  inhabitants  of 
the  Alps,  and  of  the  glandular 
fwellings  here  mentioned,  it  feems 
as  if  a very  Ample  procefs  would 
free  it  from  this  noxious  quality, 
and  reftore  it  to  its  original  falu- 
brity.  A Ample  expofure  to  the 
air,  for  a few  days,  would  be  fufii- 
cient  for  the  purpofe;  Ance  water, 

which 


* Forfter’s  Voy.  Vol.  I.  p.  107. 
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which  has  been  deprived  of  its  air, 
imbibes  it  afrefh  very  readily,  and 
becomes  faturated  with  it  in  no 
great  length  of  time..  And  this 
readinefs  of  imbibing  air  makes  a 
material  difference  between  the  water 
obtained  from  the  fimple  thawing 
of  fnow,  and  river  water,  though 
the  river  water  itfelf  fliould  proceed 
from  melted  fnow,  for  being  in  its 
courfe  conilantly  expofed  to  the  air, 
it  will  foon  regain  the  air  which  it 
had  loft  by  being  frozen. 

This  may  not  be  an  improper 
place  to  obferve,  that  feveral  phyfi- 
cians  have  rejedled  the  notion  of  the 
ufe  of  fnow  water  being  the  caufe  of 
the  wens  here  fpoken  of,  and  that 
upon  good  grounds.  For  in  Green- 
land.)  where  fnow  water  is  commonly 
ufed,  thele  unfightly  protuberances 
u 


are 
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are  never  met  with  * ; nor  did  I ever 
fee  one  of  them  in  Weftmoreland^ 
where  we  have  higher  mountains, 
and  more  fnow  than  they  have  in 
Derhyfhiret  in  which  country  they 
are  very  common.  But  what  puts 
the  matter  beyond  doubt  is,  that 
thefe  wens  are  common  in  Sumatra^ 
where  there  is  no  fnow  during  any 
part  of  the  year  f. 

The  poflibility  of  extrafting  frefh 
water  from  fea  water  by  diftillation, 
has  been  long  known ; and  indeed 
it  fcems  as  if  it  could  never  have 
been  queftioned  by  thofe,  who  duly 
reflected  upon  the  origin  of  all  the 
frefh  water  we  meet  with  on  the  fur- 
face  of  the  earth.  The  geography 

of  the  globe  is  yet  but  iraperfe<5tly 

known  j 

* Rutty’s  Synop.  p.  42. 
t Philof.  Tranf.  for  1778,  p.  165. 
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known;  enough,  however,  is  known 
of  it  to  convince  us  that  a much 
larger  portion  of  its  furface  is  occu- 
pied by  fea  than  by  land.  The 
Atlantic  Ocean  appears  at  firft  view 
to  be  larger  than  the  whole  Weftern 
Continent,  and  the  area  of  the  reft 
of  the  habitable  world,  even  if  we 
take  into  confideration  the  land  re- 
cently explored  in  the  fouthern 
hemifphere,  feems  as  if  it  could  not 
equal  half  that  immenfe  expanfion 
of  water  which  conftitutes,  the  In- 
dian and'  Pacific  Oceans.  Philofo- 
phers  have  attempted,  by  meafuring 
the  moft  approved  maps,  and  by 
other  ingenious  methods,  to  afcer- 
tain  the  exadt  proportion  between 
the  land  and  fea ; great  precifion 
cannot  reafonably  be  expedled  to 
accompany  this  inquiry ; but  when 

we 
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we  learn  from  one,  that  the  fea 
covers  near  three  fourth  parts  *, 
and  from  another  that  it  covers  four 
fifths  -j-  of  the  furface  of  the  globe, 
we  may  furely  reft  fatisfied  of  the 
truth  of  the  general  pofition,  that 
there  is  a much  greater  extent  of  fea 
than  of  dry  land.  This  immenfe' 
mafs  of  fait  water  which  furrounds 
the  globe,  is  the  great  primary  fource 
from  which  all  frefh  water  is  derived. 
The  vapour  which  is  inceflantly 
elevated  from  thence  by  the  heat  of 
the  fun,  the  adlion  of  the  wind,  and 

other 

* See  Dr.  Long’s  Allron.  Vol.  I.  p.  i68. 

f The  teas,  and  unknown  parts  of  the 
earth  (by  a meafurement  of  the  beft  maps), 
contain  160,522,026  fquare  miles;  the  inha- 
bited parts  38,990,569:  Europe,  4,456,065 ; 
Alia;  10,768,829;  Africa,  9,564,807;  and 
America,  14,110,874.  Fergufon’s  Tables, 
p.  300. 
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Other  Icfs  obvious  caufes,  confifts,, 
generally  fpeaking,  of  frefh  water,  , 
which  being  difcharged  from  the- 
atmofphere  in  the  form  of  dew,  rain, 
hail,  or  fnow,  conftitutes  fprings, 
rivers,  and  ftagnant  pools.  The 
tafte  of  fea  water  is,  we  knbw,  not 
only  fait  but  bitter ; the  - common 
fait,  which  occafions  its  faltnefs,  and- 
the  Evfom  fait,  which  occafions  its- 
birrernefs,  can  neither  of  them  be 
raifcd  in  vapour  (in  any  fenfible 
proportion)  by  the  fame  gentle  de- 
gree of  heat  with  v/hich  water  may  be 
raifed  •,  in  order,  therefore,  to  ob- 
tain frefh  water  from  fea  water,  we  - 
need  only  copy  the  procefs  of  nature, 
and  diftil  fea  water  with  a gentle 
heat.  This  method  of  obtaining 

O 

frefh  water,  from  the  diflillation  of 
fea  water,  was  praftifed  by  Sir  R. 

VQL.  ii.  L Hawkins, 
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Hawkins,  in  the  reign  of  Queen 
Elizabeth : ■—  “ Although  our  ftefh 
water  had  failed  us  many  days,  yet 
with  an  invention  I had  in  my  ftiip, 
I eafily  drew  out  of  the  water  of  the 
fea  a fufficient  quantity  of  frelh  water, 
to  fuftain  my  people,  with  little  ex- 
pence of  fuel ; for  with  four  billets 
I ftilled  a hogfhead  of  water,  and 
therewith  dreffed  meat  for  the  fick 
and  whole.  The  water  fo  diftilled 
was  found  to  be  wholfome  and 
nourifliing 

Since  the  time  of  Sir  R.  Hawkins, 
a great  variety  of  attempts  have 
been  made  in  our  own,  and  in  other 
countries  to  procure  frefh  water 
from  fea  water ; they  have  in  general 
been  little  elfe  than  different  modes 
of  diftillation,  but  many  of  the 

authors 

• Purchafs’  Collec.  of  Voy.  B.  vli.  c.  5. 
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authors  of  them,  either  from  an 
ignorance  of  the  real  nature  of  fea 
water,  or  from  a defign  of  render- 
ing their  procefs  myfterious,  have 
mixed  different  ingredients  with  the 
water  either  before  or  after  its  diftil- 
lation.  The  manner  of  procuring 
frelh  water,  by  the  fimple  diftilia- 
tion  of  fea  water,  feems  at  prefent 
to  have  attained  a -great  degree  of 
perfection,  both  in  France  and  Eng- 
land. M.  de  Bougainville.,  in  his 
voyage  round  the  world,  has  borne 
honourable  teftimony  to  the  utility 
of  the  machine  for  diftilling  fea 
water,  which  was  made  public  in 
1763,  by  M.  Poijfonnier,  its  inventor. 
Lord  Mulgrave,  in  his  voyage  to- 
wards the  North  Pole,  in  1773,  has 
done  equal  juftice  to  the  method  of 
obtaining  frefh  water  from  the.  fea 
L 2 by 
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by  diftillation,  which  was  introduced 
into  the  Englifh  navy  in  the  year 
1770,  by  Dr.  Irving.  Whether  the 
invention  of  M.  Poiflbnnier  fug- 
gefted  any  hints  to  Dr.  Irving,  is  beft 
known  to  himfelfj  but  he  has  un- 
queftionabiy  added  fuch  improvements 
to  that  method  (to  fay  no  more),  as 
feem  to  have  juftly  intitled  him  to 
the  parliamentary  reward  of  five 
thoufand  pounds,  which  he  has  ob- 
tained. The  French  are  as  jealous 
of  the  glory  of  their  nation  in  arts 
as  in  arms,  and  the  Englilh,  we 
truft,  will  never  be  their  inferior  in 
either;  it  is  to  this  excefs  of  jealoufy 
we  muft  attribute  the  acerbity,  with 
which  one  of  the  beft  chemifts  of 
the  age  fpeaks  of  Dr.  Irving,  as 
having  deceived  the  parliament  of 
England,  by  appropriating  to  him- 
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felf  the  difcovery  of  M.  Poiflbn- 
nier  *. 

In  order  that  the  reader  may  have 
a clear  notion  of  Dr,  Irving’s  me- 
thod, let  us  fuppofe  a tea-kettle  to 
be  made  without  a fpout,  and  with 
a hole  in  the  iid,  in  the  place  of  the 
knobj  then  the  kettle  being  filled 
with  fea  water,  the  frejh  vapour 
which  arifes  from  the  fea  water  as  it 
boils,  will  iffue  out  through  the  hole 
in  the  lid ; into  that  hole  fit  the 
mouth  of  a tobacco-pipe,  letting  the 
ftem  have  a little  inclination  down- 
wards, then  will  the  vapour  of  frefh 
water  take  its  courfe  through  the 
Item  of  the  tube,  and  may  be  col- 
lefted  by  fitting  a proper  veflel  to 
its  end.  This  would  be  an  apt  re- 
prefentation  of  Dr.  Irving’s  con- 
trivance : 

* Baume’s  Chy.  Vol.  Ilf.  p.  588. 
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trivance : he  has  adapted  a tin  tube, 
of  fuitable  dimenfions,  to  the  lid  of 
the  common  kettle  ufed  for  boiling 
the  provifions  on  board  a Ihip ; the 
frelli  vapour  which  arifes  from  boil- 
ing fea  water  in  the  kettle,  pafles 
through  this  tube  into  a hoglhead, 
which  ferves  as  a receiver:  in  order 
that  the  vapour  may  be  readily  con- 
denfed,  the  tube  is  kept  cool,  by 
being  conftantly  wetted  with  a mop 
dipped  in  a tub  of  cold  fea  water. 

It  appeared  from  the  teftimony, 
which  was  delivered  to  the  Lords 
of  the  Admiralty,  by  many  refpedt- 
able  officers  who  were  eye-v/imeffes 
to  an  experiment,  made  on  board 
the /frrc'g'flK/,  at  Spithead,  in  January 
1771,  that  “ 80  gallons  of  fea  water 
did,  in  twenty-five  minutes,  afcef 
being  put  into  the  Arrogant’s  cop- 

per. 
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per,  and  a fire  made,  diftil  in  the 
proportion,  of  twenty-five  gallons 
per  hour,  into  frefli  water,  perfeftly 
well  tafted,  and  of  lefs  fpecific  gra- 
vity than  the  beft  fpring  water  in 
that  neighbourhood and  the  faid 
officers  gave  it  as  their  opinion,  that 
500  gallons  of  freffi  water  might  be 
diftilled  in  the  fpace  of  24  hours, 
with  the  fame  quantity  of  fuel  in 
proportion  to  the  time,  as  is  required, 
in  the  ordinary  bufinefs  of  the  ffiip. 
Every  fhip’s  kettle  is  divided  into 
tvvo  parts  by  a partition  in  the 
middle,  one  of  thefe  parts  is  only 
in  ufe  when  peafe  or  oatmeal  are 
drefled,  but  water  is  at  the  fame 
time  kept  in  the  other  to  preferve 
its  bottom.  Dr.  Irving  has  availed 
himfelf  of  this  circumfiance,  and  by 
filling  the  fpare  part  of  the  copper 
L 4 With  ' 
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-with  fea  water,  and  fitting  on  the 
lid  and  tube,  he  has  fhewn,  that  6o 
gallons  of  frefii  water,  may  be  drawn 
off  during  the  boiling  of  either  of 
the  abovementioned  provifions,  with- 
out the  ufe  of  any  additional  fuel : 
he  recommends  alfo  the  preferving 
the  water  which  may  be  diftilled 
from  the  coppers  in  which  peafe, 
oatmeal,  or  pudding  are  dreffing,  as 
both  a falutary  beverage  for  the 
fcorbutic,  and  the  moft  proper  kind 
of  water  for  boiling  of  fait  pro- 
vifions. 

In  November,  1771,  Lord  Sand- 
wich fent  me  two  bottles  of  the  bed: 
diftilled  water,  which  could  be  pre- 
pared by  Dr.  Irving  from  fea  water, 
defiring  my  obfervations  upon  it.  In 
compliance  with  his  Lordihip’s  re- 
queft,  1 made  the  following  experi- 
ments, 
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merits,  of  which  L fent  him  an  ac- 
count, without  venturing  to  give  the 
moft  diftant  opinion  concerning  the 
falubrity  or  infalubrity  of  the  water. 
— - Exper,  I.  — Four  ounces  of  the 
diftilled  fea  water,  being  evaporated 
by  a flow  fire,  upon  a filver  plate, 
left  a pellicle,  which  was  very  fenfi- 
bly  faline  to  the  tafte,  and  glutinous 
to  the  touch.  — 2.  Four  ounces  of 
the  conduit  water  of  Trinity  college, 
treated  in  the  fame  manner,  left  a 
pellicle,  but  not  quite  fo  large,  nor 
,fo  manifeftly  fapid,  as  that  from  the 
diftilled  fea  water.  — 3.  The  fame 
quantity  of  common  diftilled  water, 
being  evaporated  in  the  fame  way, 
left  no  fen fible  pellicle.  — 4.  The 
lame  quantity  of  common  diftilled 
water,  impregnated  with  a fmall  drop 

of 
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of  fpirit  of  fait,  left  no  pellicle  upon 
the  whole  furface  of  the  plate,  but 
only  a yellowifli  fpot  upon  that  part 
of  it  from  which  the  laft  portion  was 
evaporated,  this  fpot  was  glutinous 
to  the  touch,  and  had  a bitter  metal- 
line tafte.  — 5.  The  fame  quantity  of 
common  diftiiled  water,  impregnated 
with  two  grains  of  fea  fait,  left  a 
pellicle,  fimilar  to  that  left  by  the 
diftiiled  fea  water,  except  that  it  was 
fomewhat  whiter,  had  a lefs  piquant 
tafte,  and  a lefs  glutinous  confiftency. 
From  the  4th  and  5th  experiments,, 
compared  with  the  firft,  it  may  be 
inferred,  that  the  diftiiled  fea  water,, 
which  I examined,  contained  a fmall 
portion  of  fea  fait,  and  alfo  a fmall 
portion  of  the  acid  of  fea  fait  un- 
combined with  any  bafts.  A very 

minute 
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minute  portion  of  fea  fait,  or  of  the 
acid  of  fea  fait,  may  be  difcovered  in‘ 
a large  quantity  of  water,  by  the  mil- 
kinefs  which  enfues  on  dropping  into 
a glafs  full  of  the  water,  a drop  or  ,twO' 
of  a faturated  folution  of  filver  in  the 
acid  of  nitre.  — 6.1  dropped  a folu- 
tion of  filver  in  acid  of  nitre  into 
common  diftilled  water,  no  milkinefs 
enfued,  nor  was  the  tranfparency  of 
the  water  changed,  — 7.  Into  an 
equal  quantity  of  the  diftilled  fea 
water,  I dropped  an  equal  number 
of  drops  of  the  folution  of  filver,  the 
water  became  very  turbid,,  and  a co- 
pious white  precipitation  enfued. 
Thefe  experiments  fhevv,  that  the 
diftilled  fea  water  is  not  wholly  free  ■ 
from  faline  particles ; but  it  proba- 
bly contains  them  in  fo  fnaall  a pro- 
portion, 
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portion,  as  not  to  injure  its  falubrity 
in  any  fenfible  degree. 

We  may  be  the  more  difpofed  to 
admit  the  poflibility  of  diftilled  fea 
water  containing  faline  particles, 
when  we  refledl  upon  the  fmell  of  the 
acid  of  fea  fait,  which  circulates 
through  the  houfes  in  which  fait  is 
prepared,  by  boiling  either  fea  water 
or  brine.  The  vapour  which  arifes 
from  the  pans  in  which  fait  is  boiled, 
being  caught  and  condenfed  in  pro- 
per veflels,  and  examined  by  proper 
tells,  gives  indications  both  of  fea 
fait  in  fubllance,  and  of  its  acid.  It 
is  not  an  eafy  matter  to  afcertain  the 
precife  degree  of  heat,  in  which  fa- 
line  particles  begin  to  accompany 
tire  vapour  which  is  raifed  from  foiu- 
tions  of  fea  fak  j,  k is  probably  a de- 
gree 
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gree  far  inferior  to  that  in  which  wa- 
ter boils  : at  lead  we  are  certain, 
that  faline  particles  are  found  in  rain 
and  fnow  water,  both  of  which  are 
derived  from  vapours  raifed  into  the 
atmofphere  by  the  action  of  the  fun 
upon  the  ocean. 


ESSAY 


/ ' 

.;;■■  ■-  .■  ■'■  ^ " f 

r : -4^ 

r>:i.f,..‘  ti.  i ' 

■ ‘ 'U''’  -'  ' 


- J 


ESSAY  VI. 


Of  calcareous  Earthy  crude  and  cal- 


cined. 


H E word  Calx  has  been  intro- 


X duced  into  the  Englifh  language 
from  the  Latin ; it  properly  denotes 
the  friable  earth,  to  which  fome  forts 
of  bodies  are  reduced  by  fire;  the 
operation  by  which  they  are  reduced 
to  that  ftate,  is  called  calcination^  and  a 
very  large  clafs  of  bodies,  from  their 
being  peculiarly  fubjedt  to  be  con- 
verted by  fire  into  a calx,  have  been 


deno 


, , ( ) 
denominated,  by  various  mineralo- 
gifts,  calcareous  bodies;  the  calx  or 
powdery  earth,  procured  from  calca- 
reous fubftances  by  calcination,  is 
commonly  called  more  philofo- 
phically  quicklime. 

Lead,  iron,  tin,  and  feveral  other 
mineral  fubftances,  may  refpeftively 
be  reduced  by  fire  to  the  ftate  of  a 
calx,  but  the  earths  obtainable  from 
thefe  fubftances  by  calcination,  not 
pofieffing  the  other  general  qualities 
appertaining  to  the  calces  of  calcare- 
ous fubftances,  are  not  called  quick- 
limes, but  calces  of  this  or  that  fub- 
ftance  from  which  they  are  prepared. 

In  CamhriigeP'tirey  and  many  of  the 
fouthern  counties  of  England,  lime 
is  prepared  from  the  calcination  of 
chalky  or,  as  it  is  here  generally  called 
clunch.  The  kilns  are  inverted  cones 

funk 
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funk  in  the  earth,  and  lined  with 
brick;  the  bafe  of  the  cone  is  about 
ten  feet  in  diameter,  and  the  depth 
of  the  kiln  is  about  fourteen  feet. 
One  of  thefe  kilns  will  burn  about 
1 50  bufhels  of  lime  in  twenty-four 
hours ; they  ufe  generally  one  bufhel 
of  coal,  for  every  four  bufhels  of 
lime,  and  in  fummer,  when  the  chalk 
is  dry,  they  will  fometimes  get  5 
bufliels  of  lime,  from  the  confump- 
tion  of  one  bufhel  of  coal;  but  coal 
being  dear,  the  chalk  is  feidom  well 
burned.  In^Fales^WeJimorelavd,  Der- 
byJhirCy  and  many  other  counties, 
they  burn  different  forts  of  limefione^ 
fome  of  them  approaching  to  the 
finenefs  of  marble.-  In  Holland., 
where  they  have  neither  chalk  nor 
limeftone,  they  drag  fifh  JJiells  out  of 
the  fea  with  nets  drawn  by  horfes, 
VOL.  LI.  M and 
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arid  burn  the  fhells  into  lime.  In 
the  iflands  of  the  fouthern  hemifphere 
they  burn  coral  rocks  into  chenam  or 
lime  ; and  in  fome  parts  of  America 
they  calcine  madrepores,  and  other  , 
fpecies  of  coral  for  the  fame  purpofe. 
Lime  may  alfo  be  prepared  from  the 
calcination  of  all  kinds  of  marble ; of 
various  kinds  of  Jpar-,  of  ftalaSites, 
otherwife  called  dropjione,  and  in 
Derbylhire  watricU',  and  of  feveral 
other  fubftances  which  confift  of  cal- 
careous earth,  either  pure,  or  mixed 
with  clay  or  fand,  or  other  matters  in 
different  proportions.  In  Che/hire, 
and  other  countries,  where  they  have 
no  common  materials  for  making  of 
lime,  it  would  be  worth  while  to  ex- 
amine the  earths,  which  may  be  met 
with  upon  the  furface  of  the  ground, 
or  at  a little  'diftance  below  itj  for 
0 cal- 
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calcareous  fubftances  are  not  always 
united  into  hard  compaft  maffes,  but 
are  fometimes  found  in  the  form  of 
earth,  and  that  of  different  colours. 

Calcareous  fubftances  are  in  fome 
countries  calcined  with  pit- coal,  in 
others  with  the  cinder  of  pit- coal,  in 
others  with  wood,  in  others  with 
peat,  in  others  with  furze-,  the  kind 
of  fuel  feems  to  be  of  no  confc- 
quence,  provided  the  degree  of  heat 
be  the  fame.  Some  forts,  indeed,  of 
pit-coal  are  apt,  efpecially  when  ufed 
in  large  quantities,  to  cake  together, 
and  thus  hindering,  in  fome  meafure, 
the  equable  dlffulion  of  the  heat, 
the  ftone  remains  unburned.  In  or- 
der that  the  heat  may  penetrate 
through  every  part  of  the  fubftance 
to  be  calcined,  it  is  ufual  to  break  it 
into  fmall  pieces ; but  if  the  calca- 
M 2 reous 
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reous  ftone  happens  to  be  naturally 
fliaken  or  fplit  into  layers,  large 
pieces  may  be  calcined,  by  placing 
them  fo  that  the  flame  of  the  fuel 
may,  in  afcending,  find  its  way  be- 
tween the  feveral  layers  of  which  the 
Hone  confifts.  In  fome  parts  of 
Yorklbire,  they  burn  pieces  of  this 
fort  of  ftone  a foot  in  thicknefs,  and 
a foot  and  a half  in  length,  without 
breaking  them;  they  ufe  generally 
eight  dozen  of  coal  to  a kiln,  and 
obtain  twenty-two  dozen  of  lime,  the 
dozen  containing  thirty-fix  buQiels. 

It  is  probable,  that,  there  is  a certain 
definite  degree  of  heat,  to  which  any 
particular  kind  of  calcareous  fub- 
ftance  ought  to  be  expofed,  in  order 
to  its  being  converted  into  the  beft 
polfible  lime.  If  the  heat  be  too 
fmall,  the  whole  of  the  fubftance  will 

< not 
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not  be  converted  into  lime ; and  on 
the  other  hand,  it  is  poffible,  that 
the  heat  may  be  fo  great,  as  to  re- 
duce the  fubftance  to  a kind  of  glafly 
fcoria-,  and  whenever  it  becomes  vi- 
trified, it  will  lofe  the  properties  of 
lime.  1 am  aware  of  v/hat  is  gene- 
rally faid,  that  calcareous  bodies, 
when  pure,  cannot  be  vitrified  with 
the  greateft  degree  of  heat ; but 
thouah  the  heat  of  a chemical  fur- 
nace  may  not  be  fufficient  for  the 
purpofe,  yet  there  is  realon  to  believe, 
that  a fuperior  degree  of  heat  may 
effe6t  a kind  of  vitrification ; certain 
it  is,  that  the  lime  burners  are  care- 
ful not  to  give  too  much  heat,  left 
they  fhould  injure  the  quality  of 
the  lime.  When  the  heat  has  been 
too  violent,  they,  in  many  kilns, 
find  feveral  pieces  of  limeftone  co- 
M 3 . vered 
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vered  with  a glafiy  coat,  and  flicking 
together.  I do  not  take  upon  me 
abfolutely  to  fay,  that  this  efFedt  is 
to  be  afcribed  to  a beginning  vitrifi- 
cation of  the  limeftone,  it  may  either 
proceed  from  thence,  or  it  may  be 
accounted  for  by  faying,  that  the 
afhes  of  the  fuel  adhering  every  where 
to  the  furface  of  the  calcareous  fub- 
ftance,  have,  in  particular  places, 
where  they  happened  to  be  amafled 
m fufficient  quantity,  contributed  to  - 
its  vitrification.  This  vitrification 
of  calcareous  earth,  when  mixed  with 
, other  fubflances  is  obvious  enough  in 
the  iron  furnaces,  where  they  are  ac- 
cuftomed  to  mix  limeftone  with  the 
iron  ore,  the  fcoria  or  Jlag  of  an  iron 
furnace  perfe6tly  refembling  glafs. 

There  is  a very  fingular  experi- 
ment, which  may  be  properly  men- 
tioned 
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tioned  in  this  place.  Mix  well  toge- 
ther equal  weights  of  powdered  chalk, 
or  other  calcareous  body,  and  pow- 
dered pipe  clay,  put  the  mixture  into 
a crucible*.  Any  where  towards 
the  middle  of  the  crucible,  put  two 
folid  pieces,  one  of  pure  chalk,  the 
other  of  pure  clay,  fo  that  they  may 
not  be  contiguous  to  each  other, 
but  be  every  where  feverally  fur- 
rounded  with  the  mixture  of  chalk 
and  clay ; then  by  expofing  the  whole 
to  a ilrong  degree  of  heat  for  a fuffi- 
cient  length  of  time,  it  will  be  found 
that  the  mixture  has  been  converted 

into 

* Crucibles  are  round  or  triangular  velTels 
of  different  dimsnlions,  wider  at  the  top  than 
at  the  bottom ; they  are  principally  ufed  for 
the  melting  of  metals,  and  are  made  of  clay 
and  fand,  or  of  clay  and  black  lead,  or  of 
fuch  other  materials  as  can  relift  the  ftrongeft 
fires  without  melting. 
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into  glafs;  and  upon  breaking  the 
vitrified  mafs,  we  fhail  difcover  the 
two  folid  pieces  of  chalk  and  clay, 
imvitrified,  and  unaltered  in  their 
figure,  though  every  v/here  furround- 
ed  with  glafs.  Any  other  fort  of 
clay,  would  probably  anfvver  the 
purpofe  as  well  as  pipe  clay,  bur  I 
have  always  made  the  experiment 
with  that,  as  being  one  of  the  pureft 
clays.  From  this  experiment  it  is 
certain,  that  a mixture  of  calcareous 
earth  and  clay,  is  reducible  to  glafs, 
in  a degree  of  heat  which  is  not  fuf- 
ficient  to  vitrify  either  of  thefe  fub- 
ftances  when  pure.  The  clay,  of 
which  bricks  and  tiles  are  made, 
often  contains  a quantity  of  calcare- 
ous earth,  and  hence  we  may  under- 
ftand  the  reafon  why  ordinary  bricks 
and  tiles  are  not  able  to  refiit  a great 

degree 
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degree  of  heat : a tile  covering*  a cru- 
cible is  often  quite  vitrified,  whilft 
the  crucible  remains  unaltered,  the 
tile  being  a mixture  of  clay  and  cal- 
careous earth,  and  the  crucible  being 
made  of  pure  clay  and  fand. 

It  is  well  known,  that  lime  is 
lighter,  bulk  for  bulk,  than-  the 
chalk  or  ftone  from  which  it  is  made ; 
fome  fubftance  therefore  or  other  is 
dilTipated  during  the  calcination;  the 
nature  of  this  fubftance  will  be  in- 
quired into  hereafter,  at  prefent  our 
concern  is  to  afcertain  its  quantity. 
The  fubftances  which  I converted 
into  lime,  were  fine  white  marble 
called  ftatuary  marble ; Sienna  mar- 
ble j fine  tranfparent  cryftallized  fpar, 
of  that  fpecies  which  mineralogifts 
have  denominated  hexagonal  trun- 
cated 5 rhomboidal  opake  refrading 

fpar; 
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fpar-*5  rhomboidal  tranfparent  refrad- 
ing  fpar ; all  thefe  fpars  from  Der- 
byfhire;  a marble,  of  a blueilh  call, 
called  dove  marble*,  purple- veined 
marble ; Clitheroe  limeftone  *,  Pur- 
beck  Hone  *,  chalk  from  Cherry  Hin- 
ton, near  Cambridge;  Portland  Hone; 
Ketton  ftone  from  Rutlandfhire,  de- 
nominated hammites^  from  its  being 
compofed  of  globules  refembling  the 
roes  of  fifties.  A common  die  is  a 
little  cube  *,  if  we  fuppofe  the  length, 
breadth,  and  thicknefs  of  a die,  to 
be  refpedively  increafed,  till  each  of 
them  becomes  equal  to  an  inch,  foot, 
yard,  or  mile,  then  will  the  die  be- 
come a cubic  inch,  a cubic  foot,  yard 
or  mile.  The  weight  of  a cubic  foot 
of  water  is  found,  .by  experiment,  to 
be  precifely  equal  to  looo  avoirdu- 
pois ounces.  Affuming  then  the 

weight 
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weight  of  a cubic  foot  of  water  to  be 
looo  ounces,  by  a method,  fufficient- 
ly  explained  in  books  which  treat  of 
Hydroftatics,  I calculated  what  would 
be  the  weight  of  a cubic  foot  of  each 
of  the  calcareous  fubftances,  which  I 
converted  into  lime. 

Weight  of  a cubic  foot  of 


Water  - . . 

1000“) 

Purple-veined  marble 

2750 

Sienna  marble 

2729 

Statuary  marble 

2725 

Cryllallized  fpar  * 

2701  1 

Rhomboidal  opaque  fpar 

2700 

Dove-coloured  marble 

2694 

Rhomboid,  tranfparent  fpar 

2693 ) 

-Clitheroe  lim.ellone 

2686 

Purbeck  Hone 

2680 

Chalk,  near  Cambridge 

2657 

Fortland  ftone 

2461 

Ketton  Hone 

2456 

Medium  of  the  1 2 forts 

2661 

It 


Avoirdupois  ounces » 
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It  is  unneceflary  to  trouble  the 
reader  v/ith  a particular  detail  of 
each  experiment,  in  which  one  or 
other  of  thefe  fubftances  was  con- 
verted into  lime,  he  will  judge  it 
fufficient  to  be  informed  of  the 
general  method  of  proceeding,  and 
to  be  made  acquainted  with  the 
general  refult.  The  method  con- 
lifted  in  feleding  pure  pieces  of 
the  feverai  fubftances,  and  putting 
fometimes  two,  fometimes  three  of 
them  into  a crucible  filled  with  fand ; 
care  was  taken  that  the  pieces  nei- 
ther touched  each  other  nor  the  fide 
of  the  crucible,  the  crucible  was 
then  expofed  to  a very  ftrong  fire 
for  four  hours ; none  of  the  pieces 
weighed  more  than  an  ounce,  fo 
that  the  fire  to  which  they  were  ex- 
pofed, it  is  apprehended,  was  quite 

fufii- 
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fufEcient  to  convert  them  into  per- 
feft  quick  limes ; they  were  all  dry, 
and  were  weighed  very  accurately 
before  and  after  calcination,  and  in 
the  weighing  after  calcination  great 
care  was  taken  to  free  them  from 
every  particle  of  fand,  and  to  weigh 
them  before  they  were  quite  cold. 
The  following  table  comprehends  in 
one  view  the  different  refults  of  the 
feveral  experiments ; the  firft  column 
mentions  the  different  forts  of  calca- 
reous fubftances  with  which  the  ex- 
periments were  made;  the  fecond 
expreffes  in  hundred  weights,  quar- 
ters, and  pounds,  the  quantity  of 
lime  which  a ton  of  each  refpeaive 
fubftance  would  yield  by  calcina- 
tion ; thefe  numbers  were  derived, 
by  the  rule  of  proportion,  from  the 
fmall  weights  ,ufed  in  the  experi- 
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merits ; the  third  column  exhibits 
the  weight  of  the  matter  dilTipated 
from  each  calcareous  fubftance  dur- 
ing the  calcination. 


C. 

q* 

lb. 

c 

.q. 

lb. 

Purple- veined  marble'  - 

1 1 

I 

24 

8 

2 

4 

Purbeck  Hone 

1 1 

I 

22 

8 

2 

6 

Clitheroe  limeilone 

1 1 

I 

^7 

8 

2 

1 1 

Dove-coloured  marble  - 

1 1 

I 

8 

2 

»5 

Chalk  . 

1 1 

I 

9 

8 

2 

19 

Sienna  marble 

I j 

I 

7 

8 

2 

21 

Portland  Hone 

1 1 

I 

4 

8 

2 

24 

Ketton  Hone  - - 

1 1 

1 

2 

8 

2 

26 

Statuary  marble  - 

1 1 

I 

I 

8 

2 

27 

Rhomboidal  tranfp.  fpar 

1 1 

I 

0 

8 

3 

0 

Rhomboidal  opaque  fpar 

11 

o 

12 

8 

3 

16 

ChryHaliized  fpar  - 

II 

o 

I 

8 

3 

27 

Med«  of  lime  from  a ton 

II 

1 

4l 

Medium  lofs  of  weight  ] 
in  a ton  • - 5 

8 

2 

23I 

Having 
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Having  formed  this  -table  from 
my  own  experiments,  I was  willing 
to  fee  what  correfpondence  it  bore 
with  the  experiments  of  others. 
Authors  feldom  exprefs  themfelves 
on  this  fubjed  with  fufficient  preci- 
fion  j I have  met,  however,  with 
fome  experiments,  which  feem  to 
have  been  made  with  great  accu- 
racy, and  I have  from  them  calcu- 
lated the  following  table  upon  the 
fame  principle  as  the  preceding. 


Cour- 
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C.  q.  lb. 

C.q.lb. 

* Courcelles  Hmeftone 

II  2 2 

8 I 26 

1 Calcareous  earth  fepa- 

rated  from  Marie 

II  I 23 

00 

II  Calc,  earth  from  Marie 

II  1 20 

828 

f Chalk 

III  9 

8 2 19 

§ Vienna  Hmeftone 

III  0 

0 

00 

* Courcelles  Hmeftone 

1 1 0 24 

834 

Swedifh  Hmeftone 

u 0 18 

8 3 10 

^ Gothland  coral 

ii  0 12 

8 3 16 

SI  Fifti  ftiells 

110  6 

8 3 22 

• Courcelles  Hmeftone 

1 1 0 I 

8 3 27 

SI  Chalk 

! I 0 0 

VO 

0 

0 

§ Vienna  Hmeftone 

10  2 14 

9 I H 

Med.  of  lime  from  a ton 

II  0 20^V 

Medium  lofs  of  weight  1 

in  a ton  - - f 

hM 

00 

From 


* Paris  is  principally  fupplled  with  lime 
from  the  Courcelles  limeRone,  — the  three 
pieces  here  mentioned  were  burned  in  an 
ordinary  lime  kiln  for  30  hours.  Mem.  dc 
I’Acad.  1747,  p.  62. 
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From  the  bare  infpedtion  of  thefc 
tables  it  is  obvious,  that  calcareous 
fubftances  of  dilfereht  kinds  and 
countries,  do  not  differ  much  from 
each  other  in  the  quantity  of  lime 
which  a ton,  or  any  other  definite- 
weight  of  them  would  yield  by  cal- 
cination. 

Though  I had  every  feafon  to  be- 
lieve, that  the  experiments  frorrt 
which  I calculated  the  tables  were 
made  with  as  much  accuracy  as  the 
nature  of  the  fubjedl  would  admit; 

yet 

t Philo.  Tranf.  1773,  p.  161. 

II  Edin.  Eff.  Vol.  III.  p.  16. 

•j-  Dr.  Black,  to  whom  we  are  indebted 
for  our  knowledge  of  the  conllituent  parts' 
of  calcareous. earth.  Edin.  EiT.  Vol.  II.,  ■, 

■ § Prof.  Jacquin’s  Exam.  Chem. Doc.  Mey. 
Vienna,  1769.  . : 

Wallerius,  Swed.  Mem.  1760., 

VOL.  II,  , N 
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y€t  I thought  it  would  add  greatly 
tp  their  confirmation,  if  it  could  be- 
fhewn,  that  the  quantity  of  lime 
really  procured  from  the  calcination 
of  a ton  of  chalk,  or  limeftone,  was  - 
not  much' different  from  the  medium 
quantity  %fcertained  by  the  experi- 
ments. I'  went,  therefore,  to  one  . 
oC  the  kilns  of  this  country,  where 
they  burn  chalk,  into  lime;  and  I 
firft  weighed  four  bufhels  of  chalk,, 
which,  had  been  dried  by  the  heat, 
of  a hot  fummer,  the  medium,  weight, 
of  the  four  bufhels  was  861  pounds : 

I then  weighed  four  bufhels  of  the 
lime,  warm.-from  the  kiln,  the.me- 
dium  weight  of  which  was  66  i 
pounds.  Calculating,  from  thefc 
numbers,  the  weight  of  lime  which^ 
a ton  of  chalk  would,  yield,  it.  will 
be  found  to  amount  to  15  G.  i q.  ylb.- 
•rr  This  quantity  cf  lime  being  fo 

differeM. 
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different  from  what  I expefled,  T 
brought  a piece  of  the  chalk 
to  my  elaboratory.  I then  weigh-^ 
ed  it  accurately,  and  found  that 
a month  after,  though  the  wea^- 
ther  was  hot,  it  had  neither  gained 

nor  loft  weight.  I then  converted  it 
into  lime,  and  it  gave  after  the  rate 
of  lie.  I q.  19 lb.  of  lime  from' a 
ton;  or  3c.  3q.  16 lb.  lefs  than  what 
the  fame  chalk  when  burned  in  the' 
kiln  would  yield.  I take  this' differ-- 
ence  to  be  wholly  attributable  toe 
the  fuperior  degree  of  heat,  with 
which  the  chalk  in  my  experiment 
was  burned.  It  is  to  be  wifhed  that 
more  coal  was  ufed  in , the  burning 
of  lime  in  .this  country ; for  if  a tom 
of  chalk,  when  properly  burned, 
ought  to  weigh  only,  about  1 1 hun- 
dred weight,  and  it  does  ordinarily- 
N 2 weigh; 
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weigh  about  15  hundred  weight,  it 
is  obvious  that  the  purchafer  has 
about  4 parts  in  15  which  are  not 
lime  but  chalk  j and  to  this  caufe 
are  to  be  referred  the  hard  lumps, 
which  are  found  in  the  lime  of  this 
country,  when  it  is  flaked ; thefe 
lumps  being  nothing  but  chalk 
which  is  not  burned  into  lime  for 
want  of  a fufficient  fire : the  expence 
alfo  of  carrying  4 tons  of  chalk  in 
every  15  tons  of  lime  is  ,a  circum- 
ftance  not  to  be  neglefled. 

At  Pennybridge,  in  Lancafliire, 
they  burn  a hard  limeftone,  a Win- 
chefter  bufliel  of  this  ftone  weighed 
i84ib.  The  fame  meafure  of  the 
lime,  when  juft  burned,  weighed 
1091b.  Thefe  numbers  give  ii  c. 
3q.  nib.  of  lime  from  a ton  of 
the  ftone. 


u 
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The  lime  burned  at  Clitheroe,  in 
Lancafliire,  is  reckoned  to  be  as 
good  as  any  in  the  kingdom,  when 
applied  either  as  a manure  or  as  a 
cement:  a bufhel  up-heaped  of  the 
beft  crude  ftone  weighed  147  pounds, 
an  equal  meafure  of  the  fame  ftone- 
after  calcination  weighed  71  pounds; 
from  this  proportion  it  follows,  that 
the  Clitheroe  limeftone  would  give 
only  9 c.  2q.  17  lb.  of  lime  from  a 
ton  of  the  ftone,  — this  conclufion 
might  be  rendered  more  certain  if 
the  medium  weight  of  feveral  bulhels 
was  taken.  It  may,  however,  be 
expeded  that  the  Clitheroe  limeftone 
ftiould  lofe  more  weight  than  the 
Cambridgelhire  chalk  does,  for  in. 
burning  it  they  ufe  at  leaft  twice  as 
much  coal,  or  one  meafure  of  coal, 
to  two  of  limeftone.  This  propor- 
N 3 ticas 
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tion  of  coal  ns  a very  great  one.  At 
Knarefbprough,  where  they  burn  a 
kind  of  liaieftone  formed  by  petre- 
faflion,  they  ufe  i buihcl  of  coal  to 
3 of  lime. 

From  what  has  been  faid,  it  muft 
be  concluded,  that  calcareous  fub-. 
ftances  have  a very  great  refemblance' 
to  each  other,  as  to  the  quantity  of 
that  matter  which  is  difperfed  from 
equal  weights  of  them  during  calci- 
nation j-  and  here  a curious  queftion 
prefents  itfelf  which  cannot  be  eafily 
decided  : — Is  the  difference  in  the 
quantity  of  lime,  procurable  from 
equal  weights  of  different  calcareous  , 
fubftances,  to  be  accounted  for, 
from  the  different  proportion  in 
which  the  earth  remaining  after  cal-; 
cination  is  united,  in  the  crude  fub-- 
fiance,  with  the  volatile  part  difper fed. 

. - . during 
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•during  calcination ; or  does  it  pro- 
ceed from  fome  unavoidable  inaccu- 
racy in  making  the  feveral  <experi- 
ments  ? — It  mull  be  acknowledged, 
that  it  is  difficult  to  fey  whether  the 
■bodies  are  equally  dry  before  they 
are  fubmitted  to  calcination,  unlefe 
we  knew  the  precife  degree  of  force^ 
with  w’hich  they  imbibed  and  retaim- 
ed  the  humidity  of  the  atmofphere:’; 
it  is  difficult  alfo  to  give  them 
exadtly  the  feme  degree  of  heat  dur- 
ing their  calcination,  and  . to  weigh 
them  whim  they  are  equally  warm  j 
the  greateft  .attention,  moreover^ 
cannot,  always  prevent  a lofs  of  fome 
part  of  the  fubftance  to  be  weighed, 
nor  a gain  in  .weight  from  the  ac- 
cretion  of  fome  heterogeneous. mat?- 
terv  yet,  notwichfl-anding thefe,  andj 
perhaps,  other  fources  of  error  in 
N 4 making 
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making  the  experiments,  I am  rather 
difpofed  to  think,  that  the  propor- 
tion in  which  the  fixed  earth  is 
united  to  the  volatile  fubftance,  is- 
not  the  fame  in  all  calcareous  bodies. 

A piece  of  dry  chalk,  and  the- 
three  Derbylhire  fpars  were  put  into 
the  fame  crucible,,  and  expofed  for 
four  hours  to  the  fame  fire ; it  ap- 
peared, from  the  experiment,  that  a. 
ton  of  the  chalk  would  have  given 
36  pounds  more  of  lime  than  a ton. 
of  tlie  fpar  which  gave  the  Icaft 
^juantity  of  lime,  and  that  the  fpar 
which  gave  the  moft  lime  from  a> 
ton,  exceeds  that  which  gave  the- 
leaft  by.  27  pounds. 

I made  another  experiment  with, 
the  fame  view.  Six  different  calca- 
•^reous  fubftances,.  which  had  been 
kept*  in  the  fame  room  for  a months. 

or 
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or  more,  were  put  into  the  fame- 
crucible,  and  expofed  to  a very 
ftrong  fire  for  24  hours.  I wgighed; 
them  all  whilft  they  were  warm,  and 
the  quantities  of  lime  which  a ton, 
of  each  would  have  given,  with  that 
degree  of  heat,  are  expreffed  in  the_ 
following  table 


€.  q.  lb. 

Chalk  - ^ 

II  I 6 

Clitheroe  limeftone  - 

21  0 22 

Sienna  marble 

i 

1,1  0 8 

Statuary,  marble 

ro  3 21 

Rhom.  fpar 

10  3 2' 

Cryflallized  ipar 

LQ  I 26 

From  this  experiment  it  may  be 
inferred^  that  the  difference  between 
the  quantities  of  lime  earth,  pro- 
curable, under  fimilar  circumftances,^ 
from  a ton  of  chalk,  and  a ton  of 
hard  tranfparent  cryftallized  fpar. 
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is  92  pounds,  or  near  of  the  whole 
weight. 

Whether  this  difference  be  sreater 
than  what  might  arife  from  different 
fpecimens  of  the  fame  kind  of  cal- 
careous fubftance,  is  more  than  I 
dare  pofitively  affirm.  One  fpeci- 
men . of  the  Courcelles  limeftone  we 
have  feen,  gave  after  the  rate  of 
lie.  2q.  2ib.  from  a ton  of  the 
crude  ftone  another  calcined  in  the 
fame  kiln  gave  only,  1 1 c.  o q.  1 lb. 
from  a tonj  the  difference  is  57 
pounds,  or  about  is  of  the  whole 
weight.  Different  pieces  broken 
even  from  the  fame  lump  of  chalk, 
limeftone,  marbkj  and  almoft  every 
other  calcareous  fubftance,  feldom 
confift  of'  precifely  the  fame  mate- 
rials ; this  is  obvioufly  feen' in  build- 
inga  and-  pavettients,  made ' eirhet* 
' ■ with 
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with  marble,  Ketton,  or  Portland 
ftone;  there  may  generally  be  ob- 
ferved  hard  knobs,  which  do  not 
wear  away  fo  fall  as  the  other  parts 
of  the  ftone  and  thofe  who  are  ac- 
cu  Homed  to  faw  any  of  thefe  fub- 
ftances  are  fully  fenfible  of  this 
diverfity  of  ftrufture  in  the  fame 
block  of  ftone,  from  the  greater 
difficulty  of  cutting  fome  parts  of  it 
than  others.  I broke  the  fame  fmali- 
lump  of  chalk  into  four  different 
pieces,  and  calcined  them  for  dif- 
ferent lengths  of  time,  with  a view 
of  feeing  whether  there  was  not  fome 
regular  proportion  with  refped-  to- 
the  time  according  to  which  the 
quantity  of  lime  procurable  from 
chalk  would  vary.  I broke  alfo  the. 
fame  lump  of.  Clitheroe  limeftone; 
into  four  fmall  pieces,  and  calcined^ 

them 
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diem  for  different  lengths  of  time 
with  the  fame  intention,  the  refult. 
of  the  experiments  is  expreffed  in  the- 
annexed  table. 


I Lime 

from 

a 

ton  of 

Chalk  calcined  4 hours 

1 1 

1 

21 

7 hours 

-■ 

M 

2 

18 

lo  hours 

1 1 

2 

H 

24  hours 

1 I 

1 

6 

Clitheroe  limeilone  calc.  4 

hours 

X 1 

X 

27 

7 

hours 

11 

0 

1 

10 

hours 

II 

1 

9 

24 

hours 

ll 

0 

22 

The  reader  will  perceive  that  thefC' 
experiments  did  not  anfwer  my  in- 
tention in  making  them,  fince  there 
does  not  appear  to  be  any  regular 
decreafe  of  lime  with  the  increafe  of 
the  time  of  calcination ; but  they 
probably  point  out  to  us  a difference 

' in, 
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in  the  coinpofition  of  the  different 
fpecimens  j and,  indeed,  in  the  chalk 
which  was  burned  for  7,  as  well  as  in 
that  which  was  burned  for  10  hours, 
I could  difeern,  after  calcination, 
fome  fmall  Ipeeks  of  iron  which  were 
wholly  invifible  before  calcination. 

Mr.  Whitehiirfl:  * has  favoured  the 
world  with  fome  very  interefting  ob- 
servations, concerning  the  Jimta  in 
Derbyfliire;  the  following  is  his  ac- 
count of  their  refpeaive  thicknelTes, 
and  of  the  order  in  which  they  fuc~ 
cced  one  another  j No.  r.  denoting 
tlie  uppermoft  Jlratum.  ' 

• See  his  Appendix  to  the  Inquiry  into  the 
‘5tate  of  the  Eartlu 


( 2o6  ) 


le  Grit 

120  yards' 

2.  Shale 

120 

3.  Limeflone 

50 

4*  Toadflone 

16 

5.  Limeflone 

50 

6.  Toadflone 

46 

Limeflone 

60 

8.  Toadflone 

22 

9.  Limeflone  not  cut  through- 

Thefe  feveral  ftrata  of  limeftonei 
are  each  of  them  divided  into  layers, 
which  have  very  different  appear- 
ances. Thus  No.  3.  which  is  50  yards 
in  thicknefs,  may  be  confidered  as 
confifting  of  5 diftindt  layers.  The 
ift  layer,  which  is  contiguous  to  the 
fliale,  is  the  black  Derbylhire  mar- 
ble; the  2d  is  called  by  the  miners, 
fnail  horn  marble,  frorh  its  abounding 
with  fcrew-ftones,  and  fifh  Ihells; 
the  3d  is  a compadt  grey  limeftone, 
with  feveral  large  cryftalline  fpecks 
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in  it,  but  with  few  Ihells;  the  4th- 
has  rather  lefs  fpecks,  and  is  whiter, 
than  the  3d;  the  5th  layer,  which 
lies  immediately  over  the  toadftone,. 
is  likewife  a grey  limeftone,  I ex- 
amined the  relative  weights  of  the, 
black  marble,  and  of  the  fecond,  third, 
and  fourth  layers  of  the  llratum.  No. 
3.  with  great  attention,  and  alfo  the 
quantities  of  lime,  which  a ton  of 
each  would  yield;  the  feveral  fpeci- 
mens  were  calcined  in  the  fame  cru- 
cible, for  the  fame  length  of  time. 


Weight  of  a cubic  foot 
of  the  crude  ftone. 

Weight  of  lime- 
from  a ton. 

Ounces, 

C.  q.  IbT 

Layer  i.  - 2690 

11  2 7 

2.  - 2685 

II  I 7 

'3.  - 2640 

11  0 15 

4.  - 2650 

^ * 4 

Medium  2666 

111  81 

( eo8  ) 

It  appears  from  thefe  experiments, 
■that  thefe  4 layers  of  the  fame  ftra- 
tum  of  limeftone,  do  not  lie  in  the 
earth  according  to  their  weights,  the 
nppermoft  layer  being  the  heavieft, 
and  the  third  layer  being  lighter  than 
that  either  immediately  above  or  be- 
low it.  The  quantity  of  lime,  which 
a ton  of  each  would  yield, _feems  to 
have  fome  dependence  on  their 
weights ; the  heavieft  layer  yielding' 
the  moft,  and  the  lighteft  layer  yield- 
ing the  kaft  lime,  from  the  fame 
weight  of  ftone  *. 

I 

• This  obfervation  is  not  true,  I think, 
■concerning  calcareous  fubftances  in  general, 
•for  a piece  of  Derbylhire  watricle,  which 
was  30  ounces  in  a cubic  foot  heavier  than 
the  Derbylhire  black  marble,  being  calcined 
in  the  fame  crucible  with  the  marble,  gave 
only  lie.  oq.  of  lime,  which  is  52 

•pounds  in  a ton  lefs  than  the  marble  gave. 
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I have  now  given  an  account  of 
12  experiments  made  by  other  au- 
thors, and  of  32  made  by  myfelf,  on 
calcareous  fubftances  of  different 
kinds  and  countries,  the  medium 
quantity  of  lime  procurable  from  a 
ton  of  thefe  fubftances,  will  be  found’ 
to  amount  to  ii  c.  oq.  251b.  and 
confequently  the  medium  lofs  of 
weight  will  be  8c.  3 q.  gib. 

When  compaft  maffes  of  any  fort 
of  lime  are  expofed  to  the  air,  even 
in  a room  fheltered  from  rain  or  dew, 
they  foon  begin  to  crack,  and  in  no 
great  length  of  time  they  fall  into  a 
powder,  and  receive  a confiderable 
increafe  of  weight.  The  time  requi- 
fite  for  efie6ting  this  change,  depends 
much  upon  the  quantity  of  the  fur- 
face  of  the  lime  which  is  expofed  to 
the  air,  partly,  I believe,  but  I am 
V0L»  II.  O not- 
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not  certain,  upon  the  degree  of  hu- 
midity reigning  in  the  atmofphere, 
and  partly  upon  the  nature  of  the 
body.  A piece  of  ftatuary  marble 
was  converted  into  lime  on  the  loth 
of  Feb.  1779,  before  its  calcination 
it  weighed  540  grains,  after  calcina- 
tion, and  whilft:  it  was  yet  warm  from 
the  fire,  it  weighed  304  grains-,  this 
laft  quantity  was  laid  upon  a piece  of 
clean  paper,  put  into  a drawer  of  my 
ftudy  table,  and  weighed  at  differ- 
ent intervals,  till  it  had  acquired  its 
utmoft  increafe  of  weight,  which  it 
attained  on  the  4th  of  March,  it  then 
weighing  515  grains.  I weighed 
this  lime  for  two  months  afterwards, 
at  different  times,  but  it  ftiil  weigh- 
ed the  fame.  Another  quantity  of 
lime  from  ftatuary  marble,  was  ex- 
amined in  the  fame  v/ay,  and  it  ac- 
quired 
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quired  its  greateft  increafe  of  weight 
in  twenty-two  days.  It  did  not 
feem  to,  me,  that  any  other  kind  of 
calcareous  fubftance,  when  reduced 
to  lime  and  expofed  to  the  air,  ac- 
quired its  greateft  increafe  of  weight 
fo  fpeedily  as  ftatuary  marble ; I 
make  this  obfervation  with  diffidence, 
for  I have  neither  tried  all  the  forts 
of  calcareous  fubftances,  nor  any  of 
them  under  precifely  the  fame  cir- 
cumftances.  There  is  far  greater 
trouble  in  making  experiments,  than 
thofe,  who  have  not  been  accuftom- 
ed  to  the  bufinefs,  can  readily  con- 
ceive*, many  niceties  are  to  be  at- 
tended to,  the  leaft  of  which  being 
omitted,  the  conclufion  becomes 
doubtful  *,  the  mind,  moreover,  hav- 
ing once  acquired  the  ftriking  out- 
lines of  knowledge,  has  not  always 
o 2 patiencQ 
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patience  to  attempt  the  filling  up  the 
minuter  part  of  the  defign,  efpecially 
if  its  attention  can  be  but  acciden- 
tally employed  upon  the  fubjedt. 
Whoever  undertakes  to  afcertain 
the  time  in  which  lime,  prepared 
from  different  fubftances,  acquires 
its  greateft  increafe  of  weight  by  ex- 
pofure  to  the  air,  would  do  well  to 
take  equal  quantities  of  the  limes, 
whilft  warm  from  the  fire  in  which 
they  were  made,  to  reduce  them  im- 
mediately to  powders  equally  fine, 
to  expofe  the  powders  to  the  air,  in 
a room  free  from  duft,  and  to  weigh 
them  at  ftated  intervals.  Or  the- 
experiment  may  be  varied  by  taking, 
inftead  of  powders,  equal  in  weight 
and  finenefs,  folid  pieces  equal  in 
bulk  and  furface,  fuppofe  a cubic 
inch  of  each  fort,  and  I queftion  not 
i but 
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but  fome  interefting  conclufions,  re- 
lative to  the  attraftive  powers  of  the 
different  fubftances,  might  be  deriv- 
ed from  experiments  of  this  fort, 
carefully  and  repeatedly  made. 

The  powders,  into  which  the  limes 
of  different  fubftances  are  refolved  by 
expofure  to  the  air,  have  not  all  the 
fame  appearance;  thofe  of  Statuary 
marble.  Dove  marble,  Portland  ftone, 
Ketton  ftone,  and,  probably,  feveral 
other  forts,  are  compofed  of  little 
globules  vifible  to  the  naked  eye; 
whilft  thofe  of  chalk,  Sienna  marble, 
and  fpar,  have  no  appearance  of  glo- 
bules, nor  do  they  feel  fo  harfh  and 
gritty  to  the  touch,  as  the  others  do. 
The  whiteft  of  all  the  limes,  which  I 
have  ever  feen,  is  that  which  may  be 
obtained  from  the  cryftallized  fpar 
before  mentioned;  ftatuary  marble, 
o 3 and 


( 214  ) 

and  Portland  ftone,  give  very  white 
limes,  but  they  are  many  degrees  lefs 
white,  than  that  from  cryftallized 
fpar.  The  limes  from  Sienna  mar- 
ble, chalk,  rhomboidal  fpar,  and 
Ketton  ftone,  have  a yellowifh  caft. 

Several  experiments  were  made,  in 
order  to  afcertain  the  utmoft  increafc 
of  weight,  which  different  forts  of 
lime  can  acquire  by  expofure  to  the 
air.  The  limes  were  all  loofely 
folded  up  in  clean  paper,  laid  in  the 
clofet  of  a room  where  there  was  a 
co'nftant  fire,  and  weighed  at  different 
intervals,  till  they  had  acquired  their 
greateft  increafe  of  W'eight,  which 
fome  of  them  did  not  do  in  lefs  than 
three  quarters  of  a year.  The  gene- 
ral refult  of  the  experiments  is  ex- 
prelfed  in  the  following  table ; where 
the  firft  column  contains  the  names 

of 
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of  the  fubftances,  from  which  the 
limes  were  prepared,  the  fecond  ex- 
prelTes  the  weight,  to  which  a ton  of 
each  fort  of  lime  would  increafe  by 
expofure  to  the  air,  and  the  third 
fiiews  the  quantity  of  the  increafe  in 
a ton. 


c. 

q- 

lb. 

c. 

q* 

lb. 

Sienna  marble 

3S 

0 

12 

>5 

0 

12 

Dove  marble  - - 

3S 

0 

9 

IS 

0 

9 

Portland  Hone 

34 

3 

21 

14 

3 

21 

Statuary  marble 

34 

2 

0 

14 

2 

0 

Rhomboid,  tranf.  fpar 

34 

0 

16 

14 

0 

16 

Purbeck  Hone  - - 

34 

0 

8 

14 

0 

3 

CryftalHzed  fpar 

33 

1 

25 

13 

I 

25 

Rhomb,  opaque  fpar 

32 

1 

21 

12 

I 

21 

Clitheroe  limeflone 

32 

I 

IS 

12 

1 

IS 

Ketton  Hone 

31 

3 

13 

II 

3 

13 

Chalk  . - - - 

30 

2 

9 

10 

2 

9 

Hence  it  is  evident,  that  the  great- 
eft  increafe  of  weight  which  a ton  of 
0 4 lime,' 
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lime,  of  the  feveral  forts  here  men- 
tioned, would  acquire  by  expofure 
to  the  air,  amounts  to  rather  more 
than  three  quarters  of  a ton,  and  the 
leaft. amounts  to  above  half  a ton.- 
This  obfervation  is  worthy  of  notice 
in  a pradical  viewj  lime  is  fometimes 
fold  by  weight,  and  it  is  obvious, 
that  the  feller  will  be  a very  confi- 
derable  gainer,  if,  after  having  drawn 
his  kiln,  he  lets  his  lime  remain  ex- 
pofed  to  the  air  for  a few  days  before 
it  is  fold.  I have  frequently  obferved 
pieces  of  new  burned  lime,  daily  in- 
creafing  at  the  rate  of  one  hundred 
weight  per  ton,  for  the  firft  five  or 
fix  days.  The  farmer  too,  in  liming 
his  land,  ftiould  contrive  to  carry 
out  his  lime  as  foon  as  poflible  after 
It  is  burned,  he  may  otherwife  for 

everv 
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•every -ton,  have  the  trouble  of  carry- 
ing a ton  and  a half,  or  more. 

Lime  which  has  once  acquired  its 
greateft  increafe  of  weight,  does  not 
lofe  any  part  of  what  it  has  acquired 
by  fubfequent  expofure  to  the  air, 
even  during  the  heat  of  fummer. 
Several  forts  of  lime,  which  I ap- 
prehended had  gained  their  greateft 
increafe  of  weight  in  April  and  May 
1779,  were  weighed  at  different 
times  during  the  fummer  of  the 
fame  year,  which  was  ftequenrly 
very  hot,  but  I did  not  obferve  that 
any  one  of  them  was  diminifhed  in 
weight  by  the  aftion  of  the  heat: 
let  the  matter,  therefore,  which  is 
attracted  by  the  lime  from  the  air 
be  what  it  may,  it  is  a permanent 
fubftance,  and  not  fubjed;  to  evapo- 
ration during  fummer.  Hence  it 

cannot 
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cannot  be  doubted,  that  the  foil 
upon  which  lime  is  fpread  acquires 
a great  increafe  of  matter ; every  ton 
of  lime  attrafts  above  half  a ton  of 
fome  fort  of  matter  or  other  from 
the  air,  and  adds  it  to  the  earth; 
now  this  matter  would  not  have  be- 
come united  with  the  earth  without 
the  intervention  of  lime:  but  whe- 
ther any  part  of  the  advantage  of 
liming,  where  the  foil  is  bad  or 
fcanty,  may  be  attributed  to  this 
increafe  of  the  quantity  of  matter 
which  is  derived  from  the  air  to  the 
earth,  is  a queftion  which  I have 
not  flcill  enough  in  agriculture  to 
decide. 

I have  been  told  by  a gentleman 
of  fortune  in  Derbyfhire,  that  he 
has  frequently,  with  great  fuccefs, 
fpread  looo  Winchefter  bufhels  of 

lime 
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lime  upon  an  acre  of  ground ; let  us 
fuppofe  a Wincheiler  buftiel  of  Der- 
byfhire  lime  to  weigh  lOO  pounds, 
then  will  looo  bulhels  weigh  looooo 
pounds,  or  above  44  tons : and  fup- 
pofing  I ton  of  fuch  lime  to  gain 
only  14  hundred  weight  by  expo- 
fore  to  the  air,  then  will  the  whole 
acre  receive  an  increafe  of  foil,  from 
the  lime  which  is  fpread  upon  it, 
equal  to  above  30  tons  in  weight 
beyond  the  weight  of  the  lime. 

Having  eftimated  the  lofs  of 
weight  fuftained  by  different  calca- 
reous fubftances  during  their  calci- 
nation, and  alfo  the  gain  of  weight 
which  the  limes  procured  from  thefe 
fubftances  acquire  by  expofure  to 
the  air,  it  is  natural  to  inquire 
whether  the  gain  is  equal  to  the  lofs. 
Upon  the  6th  of  March  I converted 

into 
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into  lime  204  grains  of  dove  marble, 
the  lime  weighed  whilll  hot  1 1 6 
grains;  upon  the  5th  of  the  follow- 
ing November  the  lime  weighed 
203 1 grains.  This  lime  was  fre- 
quently weighed  from  March  to 
November,  and  if  it  fliould  be  fup- 
pofed  that  half  a grain  was  infenfibly 
loft  by  frequent  weighing,  then  we 
muft  conclude  that  this  kind  of  lime 
gains  by  expofure  to  the  air,  juft  as 
much  as  the  marble  it  is  prepared 
from  lofes  by  calcination.  Upon  a 
repetition  of  this  experiment  with 
another  fpecimen  of  tlie  dove  marble 
lime,  I found  the  refult  to  be  as 
accurately,  as  can  be  expedted,  the 
fame.  If  we  make  no  allowance  for 
any  lofs  of  weight  by  repeated  weigh- 
ings, then  the  increafe  of  weight  by 
expofure  to  the  air  muft  be  efteemed 

lefs 
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lefs  than  the  lofs  of  weight  by  calci- 
nation, by  about  one  four  hun- 
dredth part  of  the  weight  of  the 
marble. 

Some  dry  chalk,  weighing  120 
grains,  was  reduced  by  calcination 
to  68  grains  of  lime ; this  quantity 
of  lime  became,  by  expofure  to  the 
air,  when  it  had  acquired  its  utmoft 
increafe  of  weight,  104  grains;  that 
is,  it  wanted  i6  parts  in  120,  or  be- 
tween one  feventh  and  one  eighth 
of  the  original  weight  of  the  chalk. 

The  dove  marble  and  the  chalk 
are  the  two  extremes  of  all  the  fub- 
ftances  I have  tried ; no  kind  of 
lime  regained  fo  much  weight  as  that 
from  dove  marble,  and  none  fo  little 
as  that  from  chalk.  Philofophy 
may  be  well  employed  in  accounting 
for  this  diverfity ; I am  only  in- 

terefted 
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terefted  at  prefent  in  eftablifhing  the 
fad,  which  feems  not  to  have  been 
fufRciently  underftotod  by  chemifts 
of  defervedly  great  eminence.  M. 
Macquer  fays  “ quicklime  combines 
with  the  moiflure  of  the  air  which 
it  feems  capable  of  attrading,  by  the 
moifture  thus  attraded  the  weight 
of  the  quicklime  is  doubled  *.”  M. 
Baume  weighed  fome  lime  very  ac- 
curately, and  though  he  kept  it  in 

a cellar 

• Chem.  Difl,  by  M.  Macquer,  artic; 
Quicklime  in  the  Englifh  tranflation  — the 
original  of  this  work  is  excellent  in  its  kind, 
and  it  is  greatly  improved  by  the  very  judi- 
cious notes  of  the  tranflator.  In  juflice  to 
M.  Macquer  it  ought  to  be  obferved,  that 
in  the  fecond  Englifh  Edition  of  his  Dic- 
tionary, the  paffage  quoted  in  the  text' is 
greatly  altered,  there  is  no  mention  made  of 
the  moifture  of  the  air,  and  the  quicklime  is 
only  faid  to  recover  great  part  of  its  ori- 
ginal weight,  by  expofure  to  the  air. 
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a cellar  for  feveral  years,  yet  it  never 
regained  the  weight  of  the  calcareous 
earth,  from  which  it  had  been  pre- 
pared, there  was  always  a deficiency 
of  more  than  two  ounces  in  a 
pound  *. 

I do  not  queftion  the  veracity  of 
either  of  thefe  gentlemen,  or  their  ac- 
curacy in  making  their  experiments ; 
but  the  properties  of  the  particular 
limes  which  they  examined  fliould 
not  have  been  given  as  charadteriflic 
properties  of  limes  in  general.  No 
lime  that  I ever  tried  was  doubled 
in  >veight  by  attrafling  matter  (be 
it  moifture,  or  other  matter)  from 
the  air,  yet  if  a limeftone  could  be 
found,  which  is  not  impoffible,  that 
loft  half  its  weight  by  calcination,  a 
ipecimen  of  lime  from  fuch  a lime- 
ftone 

^ Chymie  par  M.  Baume,  Vol.  I,  p.  17^, 
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ftone  might,  perhaps,  be  doubled  in 
its  weight'.  On  the  other  hand,  I 
only  met  v/ith  one  fort  of  lime,  that 
from  chalk,  which  in  its  increafe 
feemed  to  fall  fo  far  Ihort  of  the 
original  weight  of  the  fubftance  from 
which  it  was  made,  as  to  want  more 
than  two  ounces  in  a pound,  or 
between  one  feventh  and  one  eighth 
of  the  whole  weight.  My  experi- 
ment in  this  particular  inftance,  fuf- 
ficiently  coincides  with  the  too  gene- 
ral obfervation  of  M.  Baume. 

The  chalk  or  clunch  of  this  coun- 
try is  not  a pure  calcareous  earth, 
it  contains  a.  portion  of  fand  •,  and. 
hence,  when  a definite  weight  of  this 
chalk  lime  is  expofed  to  the  air,  it- 
cannot  acquire  as  much  increafe  of 
weight,  as  the  fame  quantity,  of 
purer  lime  would  do ; for  the  fand, 

which 
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which ' is  mixed  with  the  lime,  is  of 
a very  different  nature  from  the 
lime,  and  does  not  attrafl  any  thing 
from  the  air.  This  obfervation  may 
be  extended  to  different  forts  of  lime- 
ftone,  and  it  may  fugged  one  reafon 
for  the  diverfity,  in  the  ftrength  of 
different  forts  of  lime,  when  ufed 
either  in  building  or  in  agriculture. 

The  table  in  which  the  increafe 
of  weight  acquired  by  different  forts 
of  lime,  in  confequence  of  their  expo- 
fure  to  the  air,  is  exprelfed,  was  made 
with  great  accuracy ; yet  is  it  not  to 
be  confidered  as  univerfally  true,  even 
of  the  fubftances  there  mentioned : 
for  there  is  great  reafon  to  believe,- 
that  the*  quantity  of  matter,  which 
the  fame -fort  of  lime  can  attradl 
from  the  air,  depends  very  much 
upon  the  degree  of  heat  with  which 
VOL.  II,  P the 
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the  lime  has  been  burned  •,  there  is 
a certain  definite  degree  of  heat 
requifite  to  make  the  lime  attract 
the  greateft  pofllble  quantity  from 
the  air.  When  the  heat  is  not  fuffi- 
cient  to  convert  the  whole  of  the 
fubftance  into  lime,  then  that  part 
which  is  not  changed  into  lime,  will 
not  contribute  any  thing  to  the  in- 
creafe  of  the  weight  of  the  lim« 
when  expofed  to  the  air,  inafmuch 
as  it  pofieffcs  no . quality  of  attradl- 
ing  any  thing  from  the  air.  And, 
I believe,  the  obfervation  is  equally 
true,  when  the  heat  has  been  more 
than  fufficient  to  convert  the  whole 
of  the  fubftance-  into  lime.  It  has 
been  before  mentioned,  that  6 dif- 
ferent calcareous  fubftances  were 
changed  into  lime,  by  being  expofed 
to,  a very  fierce  fire  for  24  hours : 

this 
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this  experiment  was  made  in  No- 
vember, 1780;  I have  frequently 
weighed  the  limes  fince  that  time; 
they  have  all  of  them  acquired  their 
greateft  increafe  of  weight,  for  on 
weighing  them  in  January,  lySf,  I 
found  that  they  had  not  gained  any 
increafe  of  weight  in  an  interval  of 
three  months.  The  following  table 
expreffes,-  in  the  2d  column,  the 
increafe  of  weight  which  a ton  of 
.thefe  fubftances  would  have  gained, 
.and  the  third  column  exprefles  the 
increafe  which  a ton  of  the  fame 
fubftances  would  have  gained  had 
the  / been  only  expofcd  to  the  fame 
'fire  for  4 hours.- 


P 2 
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C.  q.  Ib.  C.  q.  lb. 


Sienna  marble 

8 I 15 

15  0 12 

Rhom.  fpar 

8 I 5 

14  0 16 

Statuary  marble 

800 

142  0 

Chalk 

7 * >3 

1029 

Clitheroe  limeflone  - 

62  9 

12  I 15 

Cryflallized  fpar 

'60  0 

13  1 25 

Thefe  experiments  clearly  prove 
the  great  utility  of  burning  lime 
with  a definite  heat,  for  the  ex.cel- 
lency  of  lime,  to  whatever  purpofe 
it  be  applied,  depends,  probably, 
iipon  its  difpofition  to  attrad  that 
matter  from  the  air,  which  it  has 
loft  by  calcination ; and  we  fee 
that  none  of  the  limes,  which  were 
burned  for  24  hours,,  attrafted  fo 
much  from  the  air,  as  thofe  did 
which  had  been  more  moderately 
burned  *,  the  difference  is  very  con- 
fiderable  in  all  the  inftanccs.  Would 


not 
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not  a greater  degree  of  heat  have^ 
ftill  further  deprived  lime  of  its  pro- 
perty of  attrafting  matter  from  the 
air,  and  thus  have  made  it  approach  , 
nearer  to  the  nature  of  glafs  ? 

We  have  feen  how  greatly  calca- 
reous fubftances  are  diminilhed  in 
weight  by  being  calcined,  — do  they 
receive  any  alteration  of  bulk  dur- 
ing that  operation  ? Plaving  propofed 
thisqueftion  to  various  lime-burners, 
in  different  parts  of  the  kingdom,  I. 
found  fome  were  of  opinion  that  the 
chalk  or  ftone  fwelled  a little,  others 
that  it  fhrunk  a little  during  cal- 
cination, and  a third  fet  thought 
that  it  underwent  no  fort  of  alte- 
ration : the  moft  obvious  inference 
from  thefe  different  accounts  feems 
to  be,  that  calcareous  fubftances 
P 3 do 
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do  in  this  particular  differ  from  each 
other. 

I took  a piece  of  blackifh  marble 
four  inches  in  length,  half  an  inch 
broad,  and  one  quarter  of  an  inch 
thick,  and  having  placed  it  in  a 
proper  veflcl,  and  covered  it  with 
fand,  it  was  expofed  to  a very  fierce 
fire  for  three  hours ; the  marble 
thereby  became  perfedly  white  and 
friable  as  calcined  bones,  but  I could 
not  obferve'that  it  had  undergone  the 
leaft  change  in  any  of  its  dimenfions. 

I cut  a piece  of  chalk  till  it  was 
an  inch  in  length,,  half  an  inch  in 
breadth,  and  as  much  in  thicknefs; 
after  it  was  calcined  its  dimenfions 
were  not  fenfibly  altered. 

A piece  of  rhomboidal  fpar  from 
Derby lliire,  and  a piece  of  white 

marble. 
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marble,  were  feverally  meafured  be-' 
fore  and  after  calcination,  but  no  " 
difference  could  be  obferved  in  the  ' 
dimenfions  of  either  of  them. 

I thought  the  length  of  a piece  of 
Sienna  marble,  in  one  experiment, 
was  diminifhed  about  one  fiftieth 
part  by  calcination,  but  I was  pro- 
bably miftaken  •,  for  in  another  piece, 
above  two  inches  in  length,  1 took, 
with  a pair  of  compaffes,  the  diftance 
.between  two  points  upon  its  furface 
before  calcination,  and  found  that  ' 
diftance  precifely  the  fame  after  cal- 
cination. ... 

A piece  of  Clitheroe  limeftone, 
which  had  been  calcined  for  four 
hours,  appeared  to  be  diminiihed  in 
length  one  part  in  twelve;  another 
piece  which  had  been  calcined  ten 
hours  was  unaltered  in  length,  and 
P 4 thick-  ■ 
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thickncfs ; and  fo  was  a piece  which 
had  been  calcined  24  hours. 

.1  took  a piece  of  chalk,  which 
had  been  dried  by  the  fun  and  air, 
and  having  lhaped  it  into  a fquare, 
each  fide  of  which,  was  four  inches, 
the  thicknefs  being  two  inches,  I 
put  it  into  a lime  kiln  ; it  was  kept 
there  as  long  as  chalk  which . is 
burned  into  lime  ufually  is,  when  it 
.came  out  of  the  kiln,  1 compared 
it  with  the  ftandards  of-  its.  feveral 
dimenlions,  ■ which  had  been  accu- 
rately taken  before  calcination,  and 
. could  not  difcover  that  it  had  fuf- 
fered  the  leaft  change  either  indength, 
•breadth,  or  thicknefs.  This  expe- 
.riment  was  repeated  with  wet  chalk, 
•but  neither  was  this  altered  in  its 
(dimenfions  by  calcination.  -Laftly, 
jJ  took'  a flat  piece  of.  chalk,  about 

one 
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one  fourth  of  an  inch  in  thicknefs, 
and  calcined  it  for  24  hours;  the 
length  of  this  chalk  was  three  inches, 
and  it  was  diminished  by  calcination 
one  tenth  of  its  leiigth. 

. T he  reader  is  pofleffed  of  all  I know 
from  my  own  experiments  upon  the 
fubjecSt ; but  I will  not  conceal  from 
him  the  opinion  of  M.  Baume,  who 

efteems  the  diminution  of  the  bulk 

\ 

of  calcareous  fubftances  during  cal- 
cination, as  one  of  their  moft  diftin- 
guifhing  properties.  -He  does  nor, 
indeed,  mention  any  experiments 
which  he  had  exprefsly  made,  with  a 
view  of  deciding  the  queftion,  but  I 
cannot  fuppofe,  that  fo  able  a chemift 
would  fpeak  from  conjefture,  when 
he  affirms,  that  calcareous  fubftances 
are  fometimes  diminilhed  half  their 

bulk 


( 234  ) 

bulk  during  calcination*;  and  there- 
fore I fliould  apprehend,  that  the 
calcareous  fubftances,  which  he  ufed, 
were  different  from  any  of  thefe  on 
which  I made  my  experiments.  Be 
this  as  it  may,  his  conclufion  is,  if  at 
all,  certainly  not  generally  to  be  ad- 
mitted. 

The  experiments,  by  which  the 
nature  of  any  particular  fort  of  earth 
is  chemically  inveftigated,  are  prin- 
cipally of  two  kinds;  one  confifls  in 
obferving  its  folubility  or  infolubility 
in  different  menftruums,  the  other  in 

noticing  . 

* Le  fecond  phenomene  que  la  terre  cal, 
caire  prefente  apres  fa  calcination,  eft  fa  di- 
minution de  volume la  retraite  de  ces 

parties,  pendant  leur  calcination,  eft  quelque 
fbis  fi  grande,  qu’elle  va  jufqu’  a la  moitie  de 
leur  volume.  Chym.  par  M.  Baume,  Vol.  I. 
p.  iSa. 
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noticing  the  changes  produced  in  it 
by  the  adlion  of  various  degrees  of 
heat.  We  may  form  a general  idea 
of  the  operation  of  fire  upon  calca- 
reous fubllances,  from  the  experi- 
ments which  have  been  before  relat- 
ed ; I did  not  fpare  either  time  or 
labour,  nor  was  1 fenfible  of  any  want 
of  care,  in  making  them;  yet  I can- 
not help  apprehending,  that  a nume- 
rous repetition  of  fimilar  experi- 
ments, might  lead  to  fome  general 
conclufions,  which  have  efcaped  my 
obfervation.  The  following  experi- 
ments can  hardly  fail  of  being  accept- 
able to  the  reader,  as  they  tend  greatly 
to  corroborate  what  has  already  been 
inferred,  concerning  the  nature  of  cal- 
careous earths.  We  have  concluded, 
that  twenty  hundred  weight,  or  a ton 
of  any  calcareous  fubftance,  confifts 

cf 
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of  between  eight  and  nine  hundred 
weight  of  fome  matter  orother,  which 
ic  diilipated  during  calcination,  and 
of  between  eleven  and  twelve  hun-. 
dred  weight  of  earth,  which  cannot 
be  diffipated  in  that  degree  of  heat : 
now  if  it  can  be  ftiewn,  by  a way 
wholly  different  from  that  of  calci- 
nation, that  a ton  of  any  calcareous 
body,  does  really  confift  of  about 
twelve  hundred  weight  of  earth,  and 
of  about  eight  hundred  weight  of  a 
volatile  fubftance,  we  [cannot  enter- 
tain any  further  doubt  concerning 
the  proportion  of  the  conftituent 
parts  of  calcareous  fubftances. 

If  the  reader  has  nor  been  ac- 
cuftomed  to  the  making  of  chemical 
experiments,  and  yet  ftiould  be  de- 
firous  of  afcertaining,  from  his  own 
oblervation,  the  truth  of  fuch  as  I am 
a - going 
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going  to  mention,  he  may  do  it  at  a 
very  eafy  rate ; he  need  only  procure 
from  his  apothecary,  a few  ounces  of 
the  acid  of  fea  fait,  and  a Florence 
flalk,  and  he  will  be  furnilhed  with 
the  main  part  of  the  apparatus. 

I took  a Florence  flalk,  and  pour- 
ed into  it  a fmall  portion  of  the  acid 
of  fea  fait  diluted  with  water  j the 
flalk  and  its  contents  were  then  weigh- 
ed in  a pair  of  fcales,  which  turned 
with  a quarter  of  a grain,  the  weight 
was  noted  down.  I then  dropped 
into  the  acid,  by  a very  little  at  a 
time,  20  grains  of  a calcareous  fub- 
ftance,  and  flopping  gently  the  top 
of  the  flafk  with  my  finger,  till  the 
whole  was  diffolved,  the  flafk  was 
weighed  again.  Now  it  is  obvious, 
that  if  nothing  had  efcaped  during 
the  folution,  the  weight  of  the  flafk 

and 
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and  its  contents,  after  the  folution  of 
the  calcareous  fubftance,  would  have 
exceeded  its  weight  before  folution 
by  20  grains.  There  was,  however, 
a very  confiderable  lofs  of  weight,  in 
all  the  fubllances  which  I tried.  If 
inftead  of  20  grains,  a ton,  or  20 
hundred  weight  of  each  fubftance, 
had  been  diflblved,  and  no  notice  had 
been  taken  of  any  weight  lefs  than  ? 
of  an  hundred  weight,  the  weight  of 
the  earth,  or  other  matter  remaining 
in  the  bottle  after  folution,  would 
have  been  exprefled  by  the  fecond 
column  of  the  following  table,  and 
the  weight  of  the  matter  loft  during 
folution  by  the  third. 


Namure 
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C.qdb. 

C.q.lb.] 

Namure  black  marble 

13  3 0 

6 1 q. 

Clitheroe  limeftone 

13  I 0 

630 

Chalk 

12  3 0 

710 

Ketton  ftone 

12  3 0 

7 I O" 

Portland  ftone 

12  I 0 

7 3 0 

Purbeck  ftone  - - => 

12  I 0 

7 3 0 

Mother  of  Pearl  - 

12  2 0 

720 

Dove  marble 

1200 

800 

Blue-veined  marble 

12  0 0 

800 

Purple-veined  marble  - 

12  0 0 

800 

Statuary  marble  » 

1200 

800 

Rhomboidal  fpar  • - 

12  00 

800 

Cryftallized  fpar 

12  0 0 

800 

The 

• Six  out  of  the  thirteen  fubHances  here 
- examined,  loft  8 parts  in  20  during  their  fo- 
• lution,  which  is  the  very  proportion  aftigned 
by  Dr.  Black,  in  his  moft  ingenious  EiTay, 
(Edin.  Eff.  Vol.  11.  p.  104.)  for  the  lofs  fuf- 
--  talncd  by  chalk;  it  will  appear,  however, 
from  what  follows,  that  pure  calcareous  fub- 
ftances,  probably  lofe  9 parts  in  20  of  their 
weight,  by  being  diftblved  in  an  acid. 
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The  Namure  black  marble  and  the 
Clitheroe  limeftone,  threw  up  an  oily 
tfcum  during  folution,  and  left  a large 
portion  of  black  fedi merit,  which 
probably  was  iron.  The  chalk  had 
a whitifti  fandy  fediment,  the  Ketton 
ftone  a yellowilh  one,  Portland  and 
Purbeck  ftone  a white  one,  which 
looked  like  particles  of  fand,  and  was 
gritty  between  the  teeth ; Mother  of 
Pearl  left  feveral  foft  infoluble  flakes 
floating  on  the  top  of  the  acid,  the 
other  bodies  either  gave  no  fediments, 
or  very  minute  ones. 

When  I firft  began  making  thefe 
experiments,  I was  accuft'Omed  to 
weigh  the  flaflc  as  foon  as  the  folu- 
tion was  ended,  and  this  lead  me  into 
an  error  in  eftimating  the  quantity 
loft  during  folution ; for,  upon  fur- 
ther trial,  I always  found,  that  the 

weight 
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Weight  of  the  flaik  and  its  contents, 
taken,  as  accurately  as  poflible,  as 
foon  as  the  folution  was  finifhed,  was 
diminilhed  very  fenfibly  in  the  fpace 
of  three  or  four  hours.  I was  at  firft 
inclined  to  attribute  this  diminution 
to  the  evaporation  of  a part  of  the 
fluid  ; but  the  true  caufe  is  this,  the 
weight  'of  the  air  remaining  in  the 
flaflc  after  folution,  is  greater  than 
the  weight  of  an  equal  bulk  of  at- 
mofpherical  air.  This  is  eafily  provr 
«d,  either  by  fucking  through  a pipe 
the  air  contained  in  the  flaflc,  or 
blowing  it  out  with  a pair  of  bellows, 
fo  that  the  flafk  may  be  filled  with 
common  air  j for  the  flaflc  will  then 
be  found  to  weigh  lefs  than  it  did 
before.  Sucking  out  the  air  is  a 
troublefome  operation,  for  the  air 
has  a difagreeable  tafte  in  the  mouth, 

and 
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and  if  fuffered  to  pafs  into  the  lungs^ 
might  be  noxious.  This  difagreea- 
ble  tafte  is  not  to  be  attributed  to 
any  fubtle  particles  of  the  acid,  which 
may  be  fuppofed  to  float  in  the  in- 
flde  of  the  flaflc,  but  to  the  air  con- 
tained in  it,  for  after  the  air  has  been 
thoroughly  exhaufted,  fo  that  the 
flalk  becomes  full  of  only  common 
air,  no  further  tafle  is  perceived. 

I took  a Florence  flafk,  which 
would  hold  26  ounces  troy  of  water; 
into  this  fiallc  I poured  a two  ounco 
meafure  of  the  acid  of  fea  fait,  and 
diflblved  flowly  in  the  acid  a quan- 
tity of  the  pureft  calcareous  ipar, 
the  bottle  was  weighed  as  foon  as  the 
folution  was  ended ; I then  permitted 
it  to  ftand  quiet  for  two  hours,  and 
at  the  expiration  of  that  time,  I blew 
into  it  with  a pair  of  bellows  till 

the 
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the  air  became  taftelefs,  the  bottle 
was  then  weighed,  and  it  had  loft  7 
grains.  The  weight  of  common  air 
filling  a flalk,  holding  24  ounces  of 
water,  is  about  14  grains  ; the  weight 
of  the  fame  quantity  of  the  kind  of 
air  which  filled  the  flalk,  immediately 
after  the  folution  of  the  calcareous 
fubfiance,  was  7 grains  more,  or  2 1 
grains  •,  hence  the  weight  of  common, 
air,  is  to  that  of  the  air  which'  filled 
the  flalk  after  folution,  as  14  to  2 1, 
or  as  I to  ih  I do  not  offer  this 
eonclufion  to  the  reader  as  an  accu- 
rate one,  but  it  is  probably  not  far 
from  the  truth. 

The  circumftance  of  the  weight  of 
the  flallc  being  greater,  immediately 
after  the  folution  was  finiflied,  than- 
it  would  have  been  if  filled  only  with 
common  air,  was  not  neglefled  in 
Qji  making 
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making  the  experiments  mentioned 
in  the  table-,  it  was  not,  however,  at- 
tended to  with  fuch  a fcrupulous  ex- 
aftnefs,  as  it  ought  to  have  been  : I 
made  therefore  the  four  following 
experiments  with  the  greatefb  care. 
The  feveral  folutions  were  flowly 
made,  to  prevent  any  lofs  of  the 
acid,  and  the  flalk  was  not  weighed 
till  20  hours  after  the  fokuion  was 
finilhed;  in  which  time  the  air  in  it 
had  become  taftelefs  -,  nor  did  the 
flafk  and  its  contents  fuffer  any  fur- 
' iher  diminution  of  weight,  by  a 
longer  expofure  to  the  air.  ' 

1 20  gr.  of  white  marble  loft  by  folut.  53^  gr. 
120  gr.  of  cryftal.  fpar  loft  by  folution  54  — 

1 20  gr.  of  rhomb,  fpar  loft  by  folution  54  — 
120  gr.  of  Matlock  petrefadion  - 54  — 

The  lofs  of  weight  fuftained  by 
the  marble  during  folution  is  fo 
u " nearly 
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nearly  the  fame  with  that  of  the 
other  three  bodies,  that  its  difference 
may  probably  be  referred  to  fome 
unavoidable  inaccuracy  in  making 
the  experiment;  if  this  be  admitted, 
we  may  reafonably  conclude,  that 
equal  weights  of  pure  calcareous  fub- 
ftances,  contain  equal  quantities  of  a 
volatile  matter,  which  is  difperfed 
during  folution,  and  that  this  vola- 
tile matter  amounts  to  54  parts  in 
1 20,  or  9 hundred  weight  in  a ton, 
the  earth  amounting  to  1 1 c. 

Since  calcareous  fubftances  lofe 
nearly  equal  portions  of  their  weight, 
whether  they  are  calcined  in  the  fire, 
or  diffolved  in  acids,  it  may  be  pre- 
fumed, that  the  matter  which  is  lofl 
is  of  the  fame  nature  in  both  cafes ; 
this  matter  is  a fpecies  of  air.  The 
reader  may  eafily  convince  himfelf  of 
0^3  this-, 
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this  by  faftening  a flaccid  bladder 
over  the  mouth  of  a Florence  flalk, 
or  other  vefiel,  in  which  any  calca- 
reous fubflance  is  in  the  a£l  of  folu- 
tion,  for  the  bladder  will  prefently 
be  blown  up,  by  the  matter  which 
iluies  through  the  neck  of  the  flaflc ; 
and  if  the  neck  of  the  inflated  blad- 
der be  tied,  and  the  bladder  be  in 
that  ftate  removed  from  the  flafk,  it 
will  not  become  flaccid  again,  but 
remain  blown  up-,  which  is  a fuffi- 
■cient  proof  that  it  is  filled  with  a 
.fpecies  of  air.  The  air  thus  feparated 
from  calcareous  fubftances,  is  very 
different  from  common  air,  in  many 
particulars.  We  have  before  feen, 
•that  the  weight  of  a given  bulk  of 
this  air,  is  as  much  greater  than  the 
weight  of  the  fame  bulk  of  common 
air,  as  21  is  greater  than  14,  or  as  g 

than 
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‘than  2.  — This  air,  it  has  alfo  been 
remarked,  has  a fingular  tafte,  and 
•common  air  has  no  tafte.— This  air 
extinguifties  flame  and  animal  life, 
and  common  air  fupports  both.  — 
This  air  by  being  fhaken  in  contaft 
with  water,  or  otherwife  mixed  with 
■it,  impregnates  the  water  with  an 
acidulous  tafte,  but  common  air  pro- 
duces no  fuch  effedt  on  waten  This 
air  is  as  much  a conftituent  part  of 
the  atmofphere  as  common  air  is,  for 
a ton  of  lime  will  attradl  half  a ton 
of  this  air  from  the  atmol'phere. 
The  particles  of  matter  conftituting 
light,  are  fuppofed  to  be  of  different 
magnitudes : are  the  particles  of  mat- 
ter which  conftitute  atmofpherical 
air  of  different  magnitudes  ? — Does 
the  fmell  of  a room  newly  plaftered, 
proceed  from  particles  of  matter 
0^4  emitted 


( 248  ) 

emitted  by  the  plafler,  or  from  the 
air  of  the  room  having  undergone  a 
decompofition,  in  confequence  of  the 
lime  havina:  abforbed  one  of  its  com- 
ponent  parts  ? 

When  any  calcareous  earth  has 
been  diffolved  in  an  acid,  it  has  loft 
its  air,-. and  is  much  diminiftied  in 
weight  ;."it  has  undergone  as  great  a 
decompofition,  as  if  it  had  been  cal- 
cined. Calcined  calcareous  earth  or 
lime,  may  be  reftored  to  tlie  Irate  of 
crude  calcareous  earth  or  limeftone, 
by  expofure  to  the  airj  in  confe- 
quence of  luch  an  expofure,  it,  in  a 
greater  or  kfs  fpace  of  time,  attradls 
trom  the  air  a part  at  leaft  of  the 
principle,  which  it  had  loft  during 
calcination;  but  when  a calcareous 
earth  has  been  diffolved  in  an  acid, 
and  is  thereby  deprived  of  its  air,  it 

may 
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may  be  wholly  reftored  to  the  ftate 
of  a crude  limeftone,  by  an  almoft 
inftantaneous  procefs,  Suppofe  20 
pennyweights  of  marble,  to  have  been 
diffolved  in  a proper  quantity  of  the 
acid  of  fea  fait,  then  will  thefe  20 
pennyweights  have  loll  9 parts  of 
their  weight  •,  the  earth  remaining  in 
t,h,e  acid  will  only  weigh  ii  penny- 
weights. Salt  of  tartar,  pot-alh,  and 
other  fixed  alkalies,  contain,  in  their 
crude  ftate,  a great  portion  of  fixed 
air,  of  the  fame  nature  with  that 
which  conftitutes  9 parts  in  20  of 
the  fubftance  of  marble,  and  other 
calcareous  bodies.  The  acid  of  fea 
fait,  and  all  other  acids,  have  a 
ftronger  tendency  to  unite  themfelves 
with  the  earthy  part  (if  the  expreffion 
may  be  admitted ) of  fixed  alkalies, 
than  to  continue , united  w:it.h  the 

earthy 
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earthy  part  of  marble,  or  any  other 
calcareous  body.  If  then,  into  the 
acid,  in  which  20  pennyweights  of 
marble  have  been  diflblved,  and 
which  really  confifts  of  the  acid 
united  with  1 1 pennyweights  of 
earth,  we  pour  a folution  of  fait  of 
tartar,  or  potafli,  the  acid  will  quit 
the  earth  of  the  marble,  and  unite 
itfelf  with  one  of  the  conftituent 
parts  of  the  alkali  -,  the  earth  of  the 
marble  is  by  this  means  fet  at  liberty, 
and  one  of  the  conftituent  parts  of 
the  alkali  is  alfo  fet  at  liberty, 
namely,  its  fixed  air^  thefe  two  will 
tinite  together,  and  by  their  union 
they  will  form  ah  earth  of  the  fame 
nature  as  crude  limeftone,  the  weight 
of  which  is  found  to  be  equal  to  the 
original  weight  of  the  marble,  or  20 
pennyweights. 


From 
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From  the  various  experiments 
’which  have  been  here  faithfully 
related,  without  any  previous  at- 
tachment to  fyftem,  it  feems  as  if 
we  might  conclude,  that  pure  cal- 
careous fubftances  are  compofed  of 
9 parts  in  20  of  a volatile  fubftance, 
which  is  difperfed,  not  only  during 
the  calcination,  but  during  the  folu- 
tion  of  the  fubftances  in  an  acid, 
and  of  II  parts  in  20  of  an  earth 
which  is  generally  knov/n  under  the 
name  of  lime.  Several  authors  of 
idiftinguilhed  reputation  in  chemiftry 
have  thought,  that  water  was  an 
effential  conftituent  part  of  calca- 
reous fubftances,  and  from  particular 
inftances  they  have  endeavoured  to 
afcertain  its  quantity  in  general. 
The  experiments  which  I have  made 
.do  not  tend  to  eftabliihthis  opinion. 

Into 
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-—.Into  a new  glafs  retort  I put  two- 
ounces  of  cryftallized  fpar,  and  hav- 
ing fitted  a clean  receiver  of  flint 
glafs  to  it,  I expofed  it  at  firfl;  to  a 
gentle  fire,  which  was  increafed,  by 
degrees,  till  it  became  ftrong  enough 
to  melt  the  retort ; during  the  whole 
of  the  operation  I did  not  obferve 
that  any  water  was  feparated  from 
the  fi^ar,  the  tranfparency  of  the 
receiver  was  not  fo  much  as  tarnifhed 
by  a vapour.  From  this  experiment 
I would  conclude,  that  this  fpecies 
of  calcareous  earth  does  not  contain 
any  water,  which  is  feparable  from 
it  in  a degree  of  heat  fufficient  to 
melt  glafs.  — I took  an  earthen,  re- 
tort, and  put  into  it  fix  ounces  of 
cryftallized  fpar,  and  expofed  the 
retort  to  a very  ftrong  fire  till  the 
fpar  had  loft  one  third  of  its  v/eight, 

there 
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there  was  not  a drop  of  water  found 
in  the  receiver.  The  retort,  when 
taken  out  of  the  fire,  appeared  to 
be  cracked,  fo  that  this  experiment 
is  not  quite  fo  convincing  as  the 
preceding,  though,  perhaps,  fiifH- 
ciently  fo  to  make  us  doubt  con- 
cerning the  exifbence  of  water  as  a 
component  part  of  this  kind  of  fpar. 
— I took  720  grains  of  Derbyfiiire 
watricle,  which  is  the  fubftance  of 
which  the  ornamental  columns  feen 
on  chimney  pieces  is  generally  form- 
ed, and  diftilled  them  with  a violent 
fire  in  an  earthen  retort,  till  they 
were  reduced  to  400  grains  (that  is, 
till  they  gave  after  the  rate  of  1 1 c. 
o q.  12  lb.  of  lime  from  a ton  of  the 
watricle),  but  I did  not  find  any 
fenfible  portion  of  water  in  the  re- 
ceiver ; it  was  indeed  clouded  with  a 

vapour. 
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vapour,  but  this  vapour  I think 
arofe  from  the  dampnefs  of  the  re- 
tort, or  of  the  fubftance  ufed  in 
faftening  the  receiver  to  the  retort,, 
or  from  fomething  or  other  uncon- 


nefted  with  the  watricle. 
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Cy  Clay,  Mark,  and  Gypfeous  Ala^^ 


hajier,,  or  Plajier-jlone. 


Rgillaceous  earth,  or  clay,  may 


JL\.  be  diftinguiihed  from  every* 
other  fort  of  earth,  by  its  tenacity 
when  wetted  with  water,  and  by  its 
growing  hard  when  expofed  to  the 
fire.  We  may  levigate  fand,  chalk, 
or  plafter-ftone  into  very  fine  pow- 
der, but  thefe  powders,  when  knead- 
ed with  water,  will  not  form  a tena- 


cious 
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ck>u3  duflile  mafs,  capable  of  being 
moulded  and  turned  at  the  pottery- 
wheel,  or  of  being  hardened  in  the 
fire  like  clay.  Even  clay  itfelf  lofes 
its  tenacity  by  being  baked  in  a 
gentle  fire  : a potter  or  a pipe- maker 
will  in  vain  attempt  to  fubftitute  the 
powder  of  potiherds,  or  of  broken 
pipes,  in  the  place  of  clay ; thefe 
powders  may  be  ferviceable,  on  fome 
occafions,  when  mixed  with  clay, 
but  they  cannot,  on  any,  fuperfede 
its  ufe  *. 

The  whiteft  clays  are  efteemed  the 
pureft,  but  even  thefe,  befides  other 
impurities,  generally  contain  a very 

confider- 

* In  the  Mem.  de  I’Acad.  des  Scien.  de 
Pruffe,  1749,  there  are  fome  experiments 
tending  to  prove,  that  the  tenacity  of  clay 
is  owing  to  fome  inflammable  matter  which 
is  mixed  with  it,  and  which  is  eafily  con- 
fumcd  in  the  fire* 
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confiderable  portion  of  fine  fand.  I 
took  16  ounces  of  the  fineft  pipe 
clay  from  Dorfetfhire,  and  by  re- 
peatedly wafhing  it  in  large  quanti- 
ties of  water,  and  pouring  off  the 
turbid  water,  I colledted  a fandy 
fediment  amounting,  when  well  dried, 
to  3 ounces.  I have  no  doubt  that 
this  clay  contained  a much  greater 
proportion  of  fand,  than  what  I had 
been  able  to  colled ; for  the  white 
particles  which  had  been  fufpended 
in  the  water,  certainly  confided  in 
part  of  a fand  of  a finer  grain  than 
what  had  fettled  to  the  bottom,  for 
they  were  very  fenfibly  gritty  be- 
tween the  teeth.  It  may  eafily  be 
conceived  that  in  walking  clays,  the 
fined  part  of  the  fand  contained  in 
them  will  remain  fufpended  in  the 
v.'ater,  and  that  on  this  account,  the 
VOL.  II.  R Icdi-' 
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fediment  collefted  at  the  bottom  of 
fhe  vefiel,  in  which  the  operation  is 
performed,  will  not  give  the  true 
proportion  of  the  fand  which  enters 
into  their  compofition.  Tn  confir- 
mation of  this  idea,  we  have  been 
inftrudled,  by  the  experiments  of  a 
very  able  chemifb,  to  confider  fine 
white  clays,  as  confifting  of  about  3 
parts  in  8 of  true  argillaceous  earth, 
and  of  about  5 parts  in  8 of  fand,  or 
earth,  refembling  powdered  flints  *. 

All  forts  of  earthen  wares,  from 
the  coarfefl  pots,  to  the  finefl;  pieces 
of  either  Aflatic  or 'European  por- 
celane,  conflft  either  wholly  or  prin- 
cipally 

• M.  Marggraf’s  Opuf.  Chy.  Vol.  II. 
p.  17 1.  — Is  it  poffible,  by  any  artificial  or 
natural  comminution  of  its  parts,  to  reduce 
the  fand  found  in  clay  into  a true  argilla- 
ceous earth  ? 
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cipally  of  clay.  There  are  a great 
many  forts  of  clay  which  differ  from 
each  other  in  colour,  in  tenacity,  in 
the  degree  of  contradion  which  they 
fuffer  in  being  burned,  in  their  power 
of  refifting  the  adion  of  fire  without 
being  melted,  and  in  many  other 
properties ; and  hence  we  need  be  at 
no  pains  to  prove,  that  the  proper- 
ties of  earthen  wares  mufl  be  very 
various,  according  to  the  properties 
of  the  clays  from  which  they  are 
formed  j and  this  variety  becomes 
ftill  greater,  when  we  take  into  con- 
fideration  the  ingredients  which  are 

purpofely  mixed  with  the  natural 
clays. 

The white-Jlcnevfzre^ is  made 
in  Staffordfhire,  and  other  places,  in 
the  following  manner.  — Tobacco- 
pipe  clay  which  they  have  from 
R 2 Dorfet- 
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Dorfetfhire,  is  beat  much  in  water ; 
by  this  procefs  the  finer  parts  of  the 
clay  remain  fufpended  in  the  water, 
whilft  the  coarfer  fand,  and  other 
impurities,  fall  to  the  bottom.  The 
thick  liquid,  confifting  of  water 
and  the  finer  parts  of  the  clay,  is 
further  purified,  by  being  palled 
through  hair  and  lawn  fieves  of  dif- 
ferent degrees  of  finenefs:  the  clay 
is  then  fufficiently  prepared  to  be 
mixed  with  powdered  flint,  the  other 
ingredient  in  the  ftone-ware.  They 
ufe  annually  in  Staffordlhire  about 
5000  tons  of  flint,  which  they  have 
from  Hull.  They  have  a tradition 
concerning  the  firfl;  introdudlion  of 
flint  into  their  potteries,  which  is 
briefly  this,  — a Staffordlhire  potter, 
about  8q  years  ago,  in  travelling  to 
London,  met  at  an  inn  upon  the 

road 
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road  with  an  hoftler,  who  undertook 
to  cure  a diforder  in  his  horfe’s  eye. 
The  hoftler  took  a flint  ftone,  and 
having  calcined  it  for  a fufficient 
length  of  time  in  a hot  fire,  it  be- 
came very  white ; he  pounded  it 
•into  a fine  powder,  and  blew  fome 
of  it  into  the  eye  of  the  animal : the 
potter  took  the  hint,  conceiving  that 
as  flints  could  be  calcined  and 
pounded  into  a fine  white  powder, 
they  might  be  ufed  in  conjunftion 
with  clay  to  make  a whiter  ware 
than  the  clay  would  do  alone.  He 
amafled  large  quantities  of  flints, 
burned  and  pounded  them  in  fecret, 
and  found  the  event  anfwerable  to 
his  expectation.  The  difcovery  foon 
became  general,  and  many  lives  were 
loft  from  the  powder  of'  the  flint 
being  inhaled  by.  the  men  employed 
R 3 in 
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in  pounding  it:  horfes  were  after- 
wards ufed  for  the  fame  purpofe, 
and  for  fome  time  paft  they  have 
been  accuftomed  ' to  grind  their 
flint  *.  If  the  flints  are  pounded, 
or  ground  by  inftruments  of  iron, 
the  powder  is  not  fo  good  as  it  ought 
to  be,  for  the  particles  of  the  metal, 
which  are  abraded  during  the  opera- 
tion, being  mixed  with  the  powder, 
give  the  ware,  when  burned,  a bad 
colour. 

They  formerly  were  accuftomed 
to  grind  their  flints  with  Moorfione, 
or  Granite  •,  but  of  late  years  a large 
bed  of  Chert  (a  fpecies  of  flint)  has 

been 

i 

• I Aifpedl  the  date  afligned  by  this  tradi- 
tion to  the  potter’s  difcovery,  for  the  ^r/W- 
ing  of  flints  is  incidentally  mentioned  as 
pradifed  at  Brofely  in  the  year  1697.  Phil. 
Tranf.  No.  Z28. 
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been  difcovered  near  Bakewel,  in 
Derbyjhirey  and  the  StafFordfhire  and 
Yorkftiire  potters  prefer  it  to  Moor- 
ftone  for  grinding  their  flints:  it  is 
very  hard,  and,  being  itfelf  of  the 
nature  of  flint,  the  parts  of  it  which 
are  worn  off  and  mixed  with  the 
flints  in  grinding,  do  not  vitiate  the 
quality  of  the  flint  powder.  It  is 
fold  at  the  quarries  for  8 s.  a ton,  of 
which  the  Duke  of  Rutland,  as  lord 
of  the  foil,  has  5 s.  and  the  work- 
men the  other  3 for  raifing  it.  It  is 
reckoned  that  they  annually  raife 
between  four  and  five  hundred  tons, 
befides  the  fmaller  pieces,  which  are 
thrown  by  as  refufe  j but  which 
might  be  calcined  upon  the  fpot 
inftead  of  flint,  and  being  ground 
there,  might  anfwer  the  purpoie  of 
ground  flint}  though  as  coals  are, 
R 4 coin.pa- 
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comparatively  dear  at  Bakewel^  and 
as  there  is  no  navigation  from  thence 
into  StafFordihire,  1 am  not  certain 
whether  the  ground  Chert  could  be 
afforded  to  the  potters  at  an  eafier 
rate  than  they  can  prepare  their 
flint.  However,  Chert  is  very  com- 
monly to  be  met  with  in  other  parts 
as  well  as  at  Bakewel,  though  not, 
perhaps,  in  fuch  large  quantities, 
and  therefore  the  hint  of  ufing  cal- 
cined Chert,  as  a fubftitute  for  cal- 
cined flint,  may  be  of  fervice  to 
thofe  who  are  better  fituated  with 
refpeft  to  fuel  and  water  carriage, 
than  they  are  at  Bakewel. 

When  the  flints  have  been  pro- 
perly calcined  and-  ground,  they  are 
lifted  in  water  till  the  water  is,  as 
near  as  may  be,  of  the  fame  thick- 
nefs  as  that  in  which  the  clay  is  fuf- 

pended  j 
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pended;  then  the  liquid  clay  and 
flints  are  mixed  together  in  various 
proportions,  for  various  wares,  and 
left  to  fet ; the  mixture  is  then  dried 
in  a kiln,  and  being  afterwards 
beaten  to  a proper  temper,  it  be- 
comes fit  for  being  formed  at  the 
wheel,  into  diflies,  plates,  bowls,  &c. 
When  this  ware  is  to  be  put  into 
the  furnace  to  be  baked,  the  feveral 
pieces  of  it  are  placed  in  cafes,  made 
of  clay,  called  Seggars,  which  are 
piled  one  upon  another  in  the  dome 
of  the  furnace  ; a fire  is  then  lighted, 
and  when  the  ware  is  brought  to 
a proper  temper,  which  happens  in 
about  48  hours,  it  is  glazed  by  com- 
mon fait.  The  fait  is  thrown  into 
the  furnace  (through  holes  in  the 
upper  part  of  it),  by  the  heat  of 
which  it  is  inftantly  converted  into 

a thick 
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■a  thick  vapour,  which  circulating 
through  the  furnace,  enters  every 
Seggar  through  holes  made  in  its 
fide  (the  top  being  covered,  to  pre- 
vent the  fait  from  falling  upon  the 
ware)  and  attaching  itfclf  to  the  fur- 
face  of  the  ware,  it  forms  that  vi- 
treous coat  upon  the  furface  which 
is  called  its  ^laze. 

This  very  curious  method  of  glaz- 
ing earthen  ware,  by  the  vapour  of 
common  fait,  was  introduced  into 
England  from  Holland,  at  leaft  it 
was  introduced  from  thence  into 
Staffordfliire,  about  8o  years  ago  by 
two  Dutch  men.  An  old  man  in- 
formed the  perfon,  from  whom  I had 
the  account,  that  he  remembered, 
when  he  was  a boy,  running  with 
others  to  help  to  extinguifh,  what 
from  the  fmoke  they  apprehended 

to 
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^to  be  a fire  in  the  pottery  where 
the  Dutchmen  were  working,  but 
that  their  entrance  was  oppofed  by 
the  proprietors  of  the  pottery,  who 
were  unwilling  that  the  caufe  of  the 
fmoke,  which  was  the  common  fait 
they  were  ufing  in  glazing  their  ware, 
Ihould  be  generally  known. 

The  Tellow  or  ^een^s  ware^  is 
made  of  the  fame  materials  as  the 
jiint  ware,  but  the  proportion,  in 
which  the  materials  are  mixed,  is  not 
the  fame,  nor  is  the  ware  glazed  in 
the  fame  way.  The  flint  ware  is  ge- 
nerally made  of  4 meafures  of  liquid 
flint,  and  of  18  of  liquid  clay  ; the 
yellow  ware  has  a greater  proportion 
■of  clay  in  it  ; in  fome  manufadturies 
they  mix  20,  and  in  others  24  mea- 
fures of  clay,  with  4 of  flint.  Thefe 
;proportions,  if  eftimated  by  the 

weight 
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weight  of  the  materials,  would  pro- 
bably give  for  the  flint  ware,  about 
3 hundred  weight  of  clay  to  i hun- 
dred weight  of  flint,  and  for  the  yel- 
low ware  fomewhat  more  clay.  The 
proportion,  however,  for  both  forts 
of  ware,  depends  very  much  upon 
the  nature  ot  the  clay,  which  is  very 
variable  even  in  the  fame  pit:  hence 
they  cannot  be  certain  of  the  exa6t 
quantity  of  flint,  which  they  ought 
to  mix  with  the  clay,  till  they  have 
made  fome  trial  of  the  quality  of  the 
clay,  by  burning  a kiln  of  the  ware. 
If  there  is  too  much  flint  mixed  with 
the  clay,  the  ware,  when  expofed  to 
the  air  after  burning,  is  apt  to  crack, 
and  if  there  is  too  little,  the  w^are 
will  not  receive  the  proper  glaze 
from  the  circulation  of  the  fait  va- 
pouf*.  This  glaze,  even  when  it  is 

moll 
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moft  perfeft,  is  in  appearance  lefs 
beautiful  than  the  glaze  on  the  yel- 
low ware.  This  yellow  glaze  is 
made  by  mixing  together  in  water, 
till  it  becomes  as  thick  as  cream,  1 12 
pounds  of  white  lead,  24  pounds  of 
ground  flint,  and  6 pounds  of  ground 
flint  glafs.  Some  manufadturers 
leave  out  the  glafs,  and  mix  only  80 
pounds  of  white  lead  with  20  pounds 
of  ground  flint,  and  others  doubtlefs 
obferve  different  rules,  of  which  it  is 
very  difficult  to  obtain  any  account. 
The  ware,  before  it  is  glazed,  is 
baked  in  the  fire,  by  this  means  it 
acquires  a property  of  ftrongly  im- 
bibing moiflure,  (we  perceive  fome- 
thing  of  this  in  the  force  with  which 
a new. pipe  flicks  to  the  lips,  though 
the  pipe  has  received  a kind  of  glaze 
by  being  rubbed  with  bees  wax  after 

being 
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being  baked)  it  is  therefore  dipped 
in  the  liquid  glaze  and  fuddenly 
taken  out,  the  glaze  is  imbibed  into 
its  pores,  and  the  ware  prefently  be- 
comes dry ; it  is  then  expofed  a fe- 
cond  time  to  the  fire,  by  which 
means  the  glaze,  which  it  had  imbib- 
ed, is  melted,  and  a thin  glafly  coat 
is  formed  upon  its  furface:  the  co- 
lour of  this  coat  is  more  or  lefs  yel- 
low, according  as  a greater  or  lefs 
proportion  of  lead  has  been  nfed. 
The  lead  is  principally  inftrumcntal 
in  producing  the  glaze,  as  well  as  in 
giving  it  the  yellow  colour;  for  lead, 
of  all  the  fubftances  hitherto  known, 
has  the  greateft  power  of  promoting 
the  vitrification  of  the  fubftances 
with  which  it  is  mixed.  The  flint 
ferves  to  give  a confiftency  to  the 
lead,  during  the  time  of  its  vitrifica- 
tion. 
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tion,  and  to  hinder  it  from  becoming 
too  fluid,  and  running  down  the  fides 
of  the  ware,  and  thereby  leaving  them 
unglazed.  The  yellowifli  colour, 
which  lead  gives  when  vitrified  with 
flints,  may  be  wholly  changed  by  very 
fmall  additions  of  other  mineral  fub- 
flances ; thus,  to  give  one  inlfance, 
the  beautiful  black  glaze^  which  is 
fixed  on  one  fort  of  the  ware  made 
at  Nottingham.,  is  compofed  of  21 
parts  by  weight  of  white  lead,  of  5 
of  powdered  flints,  and  of  3 of  an 
earthy,  or  metallic  mineral  called 
Manganeff. 

The  powder,  into  which  calcined 
flints  are  ground,  is  whiter  than  com- 
mon fand,  and  of  a finer  grain;  and 
hence  it  conftitutes,  when  mixed 
with  clay,  a fpecies  of  earthen  ware, 
fuperior  to  that  in  which  fand  is  ufed 

as 
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as  an  ingredient ; the  coarfe  ftone 
ware  made  at  Brijlol^  is  compofed  of 
tobacco-pipe  clay  and  fand,  and  is 
glazed  by  the  vapour  of  fait,  like 
the  Staffordfhire  flint  ware,  but  it  is 
far  inferior  to  it  in  beauty.  As  our 
flint  ware  is  fuperior  to  the  ftone  ware 
here  mentioned,  becaufe  it  is  made  of 
materials,  which,  though  of  the  fame 
kind,  are  of  a finer  quality,  than 
thofe  which  enter  into  the  compofl- 
tion  of  ftone  ware ; fo  is  it  inferior 
to  all  the  forts  of  Porcelane  in  white- 
nefs,  and  tranfparency-,  becaufe  pow- 
dered flints  and  tobacco-pipe  clay, 
are  neither  of  them  fo  white  and 
pure,  as  the  clays  and  flints  of  which 
all  porcelanes  are  made.  According  to 
this  notion  the  only  difference  between 
Porcelanes  and  many  forts  of  earthen 
ware,  confifts  in  the  finenefs  and 

pro- 
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proportion  of  the  ingredients ; and- 
thefe  caufes  joined  to  the  different 
degrees  of  heat  employed  in  baking 
different  porcelanes,  are  abundantly 
fufficient  to  account  for  all  the  va- 
rieties obfervable  in  the  grain,  colour, 
hardnefs,  and  tranfparency  of  differ- 
ent forts  of  china.. 

We  are  told  that  the  component 
parts  of  oriental  porcelane,  “ are 
(i)  a vitrefcent  ftony  fubftance,  re- 
duced to  an  impalpable  powder,  Pe- 
tunfe.  (2)  . An  unvitriable  undtuous 
clay,  reduced  to  an  impalpable  pow- 
der alfo.  Kaolin.  Thefe  are  tho- 
roughly mixed,  the  latter  in  as  fmalL 
proportion  as  poffible,  and  then 
moulded  and  baked.  (3)  A varnifh 
compofed  of  the  finefl;  particles  of  a 
foapy  earth,  diffolved  in  water  to  the 
confiftence  of  a cream,  in  whieli, , 
VOL.  II.  S when^ 
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when  dry,  the  pieces  are  dipped  be- 
fore they  are  baked*.”  The  Chinefe 
Petunfe  differs  from  powdered  flints, 
in  being  fuflble  in  a flroug  degree 
of  heat,  whereas  flints  are  not  fuflble 
in  a fire  fufficient  for  the  baking  of 
porcelane,  unlefs  they  are  mixed  with 
fome  heterogeneous  matter ; and  this 
property  of  the  Petunfe  probably 
gives  to  china,  a degree  of  tranfpa- 
rency  not  obfervable  in  our  flint 
ware  *,  for  the  vitrifiable  Petunfe^V’ihtn 
mixed  with  the  unvicrifiable  clay, 
may  communicate  a degree  of  vitre- 
.oufnefs  to  the  .compound. 

. The  moorftone  or  granite  found  in 
^CornwalU  is  thought  to  refemble  the 
Chinefe  Petunfe-,  and  the  Scap-rcck, 
which  is  plentifully  met  with  at  the 
Land's  Endj  is  efleemed  a fpecies  of 

Kaolin^ 

* Campbell’s  Surv.  of  Brit.  Vol.  11.  p.  i8. 
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Kaolin,  and  is  much  fought  after  by 
the  makers  of  porcelane.  The  granite 
is  looked  upon  by  mineralogifts  as  a 
vitrifiable  ftone;  at  leaft,  as  to  the 
greateft  part  of  it  *,  and  there  may, 
probably,  be  difcovered  other  Hones 
which  poffefs  the  fame  property. 
The  lead  rrtines  in  Derbyfliirc  abound 
in  two  kinds  of  fpar,  v/hich  are  very 
different  from  each  other  in  figure, 
(where  the  figure  is  difcernible)  •,  in 
weight  •,  and  in  the  change  which 
they  undergo  from  the  aftion  of  fire. 
The  figure  of  one  of  the  kinds  of 
fpar,  is  that  of  a lozenge  ov  rhomb-, 
the  figure  of  the  other,  is  that  of  a 
die  or  cube : a cubic  foot  of  the  rhom- 

boidal 

• ' Expose  au  feu,  il  s’  y vitrifie,  a 1’ 
exception  du  mica,  et  dii  cement  qui  fouffrent 
la  meme  violence  du  feu  fans  en  etre  alters. 
Miner,  par  M.  Val.  de  Bomare,  Vol.  I.  p, 
275. 
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hoidal  fpar  weighs  2700  ounces;  a 
cubic  foot  of  the  cubical  fpar  weiglis 
32 19,. ounces : the  rhomboidal  fpar,  in 
being  calcined  in  a flrong  fire,  lofes 
near  18  parts  in  40  of  its  weight, 
and  is  changed  into  quick  lime ; the 
cubical  fpar,  in  the  fame  degree  of 
heat,  lofes  about  i part  in  40  of  its 
vreight,  and  is  not  converted  into 
quick  lime:  the  cubical  fpar  may  be 
melted  in  a degree  of  heat,  in  which 
the  rhomboidal  fpar  remains  unmelt- 
ed; and  froni  this  property,  the  cu- 
bical fpar  might,  probably,  be  ufed 
with  advantage  by  the  porcelane  ma- 
nufadurers.  Some  mines,  as  thofe 
near  Critch  in  Derby/hire^  yield  no 
kind  of  fpar  but  the  cubical ; whilfl; 
others  yield  only  the  rhomboidal ; 
and  fome  yield  both  : 1 have  feen  a 
narrow  crack  in  a limeflone  rock, 

coated 
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coated  on  one  fide  with  the  cubical,  ■ 
and  on  the  other  with  the  rhom- 
boidal  fpar. 

Having  fallen  into  the  mention  of 
fpars,  it  may  juft  be  obferved,  that 
Blue-John^  which  has,  of  late  years, 
been  fabricated  into  vafes,  and  other 
ornamental  figures,  is  of  the  fame 
quality  as  the  cubical  fpar,  with  re- 
fpecft  to  its  fufibility  in  the  fire-,  it 
lofes,  moreover,  its  colour,  and  be- 
comes white  in  a moderate  heat : the 
weight  of  a cubic  foot  of  the  blueft 
kind  is  3180  ounces,  and  that  of  a 
cubic  foot  of  the  lead  blue  is  3140 
ounces.  This  fubftance  was  firft 
difcovered,  (or  more  properly  fpeak- 
ing,  it  firft  began  to  be  applied  to 
fome  life)  about  16  years  ago,  at  one 
of  the  oldeft  lead  mines  in  Derbyfhire^ 
iCallcd  the  Odin  mine,  (probably  from 
S3  its 
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its  being  dedicated  to  Odin^  the  great 
God  of  the  northern  nations,)  at  the 
foot  of  a high  mountain  called  Mam 
‘Tor  near  Cajlleton.  Spars  tindtured 
with  the  amethyji  colour,  have  been 
difcot'ered  in  ocher  mines-,  there  is 
great  plenty'^of  what  they  call  the 
chocolate  coloured  fpar,  in  a mine  at 
Critch  (a  few  miles  from  Matlock) 
where  I faw,  the  laft  year,  a piece  of 
oak,  v^hich  had  ftood  long  in  the 
water  of  that  mine,  tinged  with  a 
deep  purple  colour-,  but  the  greatefl 
quantity  of  Ehie-John  is  ftill  raifed 
at  Cajlleton-,  the  largefl:  pieces  are 
fold  for  9 pounds  a ton,  the  middle- 
fized  for  6 pounds,  and  the  leaft  for 
fifty  Shillings.  — But  to  return  to  the 
confideration  of  porcelane. 

Several  European  nations,  in  par- 
ticular the  Germans,  the  Englifh,  the 

French 
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French^  and  the  Italians^  have,  fince 
the  beginning  of  the  prefent  century, 
applied  themfelves  with  great  in- 
duftry  and  ingenuity,  to  the  making 
of  porcelane,  and  they  have  all  of 
them  arrived  at  great  perfedtion  in 
the  art ; though  none  of  the  Euro- 
pean porcelanes,  unlefs,  perhaps,  we 
except  the  Drefden,  can  yet  be  faid  to 
equal,  both  in  ftrength  and  beauty, 
the  porcelanes  which  are  imported 
from  CktKa  and  Japan,  The  Dref- 
den,  and  the  German  porcelanes  in 
general,  are  as  unvitrifiable  as  the 
Afiatic  •,  v/hilft  moil  of  the  others 
which  are  made  in  Europe,  may  be 
vitrified  by  a longer  continuation  of 
the  heat,  in  which  they  are  baked. 
The  being  or  the  not  being  converti- 
ble into  glafs  in  a ftrong  fire,  is  one 
of  the  principal  criterions  by  which 
s 4 con- 
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connoifleurs  judge  of  the  goodnefs  of 
porcelane,  that  being  efteemed  the 
beft  which  is  the  leaft  fufible.  Porce- 
lane being  feldom  expofed  to  a degree 
of  heat,  greater  than  that  of  boiling 
water,  it  feems  to  be  an  odd  method 
of  judging  of  its  worth,  by  inquiring, 
whether  it  is  capable  of  fuftaining, 
unaltered  in  its  form,  a degree  of 

heat  fufficient  to-convert  manv  other 

0 

fubflances  into  glafs*,  but  probably 
that  fort  of  it  is  the  moft  hard, 
and  tough,  and  beft  capable  of  bear- 
ing the  fudden  tranfitions  from  heat 
to  cold,  which  is  baked  with  the 
ftrongeft  heat  •,  and,  if  this  be  true, 
then  there  is  a good  reafon  for 
efteeming  that  china  to  be  the  beft, 
which  is  the  moft  unfufible,  inaf- 
much  as  it  has,  probably,  under- 
gone a ftronger  fire  in  being  baked, 

- .than 
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"than  the  more  fufible  kinds  could 
fupport. 

There  is  fome  reafon  for  thinking, 
that  the  ftrength  of  porcelane  has 
fome  dependence  on  its  weight,  for 
the  more  clofely  its  parts  are  com- 
pared together,  the  more  forcibly, 
other  circumftances  being  the  fame, 
will  they  refill  the  impulfe  of  a ftroke 
tending  to  difunite  them.  I have 
eftimated  the  relative  weights  of  moll 
of  our  Englilh  porcelanes ; but  1 
forbear  mentioning  particulars,  as  I 
Ihould  be  forry  to  fay  any  thing 
which  might  have  the  moll  dillant 
tendency  to  injure  any  individual ; 
efpecially  as  the  great  price  of  labour 
in  this  country,  and,  indeed,  in  all 
parts  of  Europe,  compared  with  its 
price  in  Alia,  mull  ever  render  the 
• engaging  in  a porcelane  manufad ury 
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a hazardous  undertaking,  whilft  the 
importation  of  Afiacic  porcelane  is 
allowed.  The  beft  mode  of  en- 
couraging the  European  maniifaftu- 
ries  of  porcelane,  would  be  the  im- 
pofition  of  a heavy  duty  on  that 
which  is  brought  from  Afia.  It  is, 
I believe,  generally  ackowledged, 
that  the  yellow  ware.,  is  far  more 
brittle  than  the  flint  ware  •,  the  rela- 
tive weights  of  a cubic  foot  of  thefe 
wares  and  of  Eaft  India  china,  were 

Eall  India  china  2346') 

Flint  ware  - - 2188  > ounces  avoir. 

Yellow  ware  - 1988  J 

Now  fuppofing  a plate  of  the  com- 
mon yellow  or  Queen’s  v/are,  (for 
there  are  very  different  forts  of  it) 
to  weigh  12  ounces;  then  will  a 
plate  of  the  flint  ware  of  exadtly  the 
i fame 
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fame  fize  and  thicknefs  weigh  13-1 
ounces ; and  an  equal  plate  of  china 
will  weigh  14I  ounces  j and  hence 
we  need  not  wonder  at  the  great 
fragility  of  the  common  yellow 
ware,  when  compared  either  with 
china  or  flint  ware.  ■ The  coarfe 
Briftol  ftone-ware  has  nearly  the 
fame  weight  as  china,  a cubic  foot 
of  it  weighing  2340  ounces. 

The  precife  meaning  of  the  term 
mark  is  not  yet  fully  fixed;  it  is 
moft  generally  ufed  to  denote  an 
earthy  or  ftony  fubflance,  confift- 
ing  principally  of  clay  and  calcareous 
earth,  and  falling  into  powder  by 
expofure  to  the  air.  There  are  feve- 
ral  folid  ftrata  of  ftones;  fuch  as  the 
Derbyfhire  jliale  and  toadfione,  which 
moulder  into  powder  by  expofure  to 
the  air,  and  yet  they  are  not  efteemed 

marks. 
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marks,  becaufe  they  do  not  contain 
any  calcareous  earth ; there  are  alfo 
limeftones  which  contain  portions  of 
clay,  and  clays  which  contain  por- 
tions of  limeftone,  but  which  not 
falling  into  powder  by  the  influence 
of  the  air,  are  not  claflTed  amongfl: 
the  marks : and  hence  thefe  two 
properties,  of  containing  calcareous 
earth,  and  of  falling  into  powder 
when  expofed  to  the  air,  may  be 
efteemed  charaCteriftic  of  marks ; 
and  they  are,  perhaps,  the  .charac- 
teriftics  which  are  moil  to  be  relied 
on,  for  as  to  colour  and  confiftency 
marks  cannot  by  them  alone  be 
diftinguiftied  from  feyeral  other 
bodies. 

As  the  ufe  of  mark  in  agriculture, 
depends  in  fome  fort  of  foils  upon 
the  quantity  of  calcareous  earth 

which 
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which  it  contains,  and  in  others 
upon  the  clay  which  enters  into  its 
compofition,  fome  readers  will  wifh 
to  be  acquainted  with  a general 
method  of  afcertaining  the  exad;  pro- 
portion of  clay  and  calcareous  earth, 
contained  in  any  particular  kind  of 
marie, 

, Take'an  ounce  of  the  propofed 
marie,  previoufly  reduced  into  pow- 
der, and  well  dried ; pour  upon  the 
marie  a diluted  acid  of  fea  fait  *,  an 
effervefcence  will  enfue-,  this  effer- 
vefcence,  arifes  from  the  adion  of 
the  acid  on  the  calcareous  earth,  for 
the  acid  has  no  'adion  on  pure  clay, 
nor  even  on  clay  and  fand,  as  may 
be  feen  by  pouring  a little  of  it  on 
pipe-clay ; when  fo  much  acid  has 
been  added  to  the  marie  that  no  fur- 
ther effervefcence  is  obferved,  we 

may 
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may  conclude  that  all  the  calcare- 
ous earth  contained  in  the  marie  is 
now  diffolved  in  the  acid  : put  the 
whole  into  a filter  the  calcareous 
earth  being  dififolved  in  the  acid  will 
pafs  through  the  filter,  whilft  the 
clay  will  remain  upon  the  filter: 
wafh  the  clay,  and  the  filtering 
paper,  by  pouring  upon  them  hot 
water  till  they  are  freed  from  all 
faline  particles ; the  clay  being  after- 
wards dried,  as  the  ounce  of  marie 
had  been,  will  fliew,  by  its  lofs  of 
weight,  the  quantity  of  calcareous 
earth  which  the  marie  contained.  As 
to  the  matter  which  remains  upon  the 
filter,  and  which  has  been  called  clay, 
it  may  chance  either  to  be  pure  clay, 
or  a mixture  of  clay  and  fand  ; if  it 
is  the  latter,  the  quantity  of  fand 

may 
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•may  be  known  by  walking  it  and 
collefting  the  fediment. 

This  method  of  examining  how 
much  calcareous  earth  is  contained 
in  any  fpecies  of  marie,  may  be  ufe- 
fully  adopted  alfo  when  the  clay  or 
marie  is  to  be  applied  to  the  making 
of  brick.  For  if  the  quantity  of 
calcareous  earth  is  large,  the  marie 
in  being  burned  will  rather  form 
lime  than  brick,  or'  the  brick  at  lead: 
will  foon  moulder  in  the  air,  in  con- 
fequence  of  the  calcareous  earth 
falling  into  a powder  like  lime. 
The  marie  dug  out  of  the  fame  pit 
is  often  very  different  in  its  proper- 
ties, fome  parts  of  it  containing  fo 
much  calcareous  earth,  that  they 
may  with  advantage  be  burned  into 
lime-,  whilfl  other  portions  of  it  may 
be  made  into  good  brick.  I will 

illuftrate 


( 288  ) 

Uluftrate  what  has  been  faid  con- 
■•cerning  the  analyfis  of  marie,  by  an 
inftance. 

We  have  aftratum  of  lead  coloured 
clay,  a little  beyond  Magdalen  Col- 
lege, on  the  road  to  Ely,  which 
burns  to  a whitifh  brick : I took 
four  ounces  of  this  clay,  moift  as  it 
was  dug  out  of  a pit,  ten  or  twelve 
feet  deep ; by  being  dried  on  a hot 
fire  fiiovel  till  no  more  vapour  ap- 
peared to  rife  from  it,  the  weight 
was  reduced  to  three  ounces.  Thefe 
three  ounces,  or  6o  pennyweights, 
were  put  into  a quantity  of  diluted 
acid  of  fait,  till  no  more  effcrvefcence 
was  obferved,  the  mixture  was  fil- 
tered, and  what  remained  upon  the 
filter,  being  dried,  weighed  46  pen- 
nyweights, the  quantity  of  calca- 
reous earth  amounting  to  14  parts 
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in  60,  or  near  i of  the  weight  of  the 
clay  when  dried.  What  remained- 
-upon  the  filter  was  v/afhed  in  much 
water,  I obtained  a fediment  amount- 
ing to  about  I pennyweight,  but  it 
was  not  a Tandy  fediment,  it  re- 
fi-'mbled  an  earthy  fait,  refulting 
■from  an  union  of  the  acid  of  vitriol 
with  calcareous  earth,  which  is 
ufually  called  Seknites  ■,  there  was 
alfo  feparated,  by  walliing,  a quan- 
tity of  greyifh  earth,  which  was 
chiefly  iron. 

The  moulds,  ufed  in  making- 
bricks  from  this  clay,  are  10  inches 
in  length,  and  5 in  breadth,  and  the 
bricks,  when  burned,  ufually  mea- 
fure  9 inches  in  length,  and  4-1: 
in  breadth,  fo  that  the  clay  Ihrinks 
about  I inch  in  10.  But  the  decree 

O 

of  contradion,  which  clays  undergo 
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in  being  burned  is  very,  various,  and 
’ it  does  not  folely  depend  upon  the 
purity  of  the  clay ; for  I have  been 
informed  by  perfons  employed  in 
making  coarfe  earthen  ware  from 
fimple  clay,  that  the  fame  clay  juft 
dug  out  of  the  earth,  and  put  into 
the  fire,  will  contradt  lefs,  than  when 
it  has  been  fometime  expofed  to  the 
influence  of  the  atmofphere  •,  for 
froft  more  perfedUy  divides  its  par- 
ticles than  any  artificial  procefs  can 
do : the  Chinefe  are  faid  to  let  their 
clay  remain  expofed  to  the  atmof- 
phere 20  or  30  years,  before  they 
.apply  it  to  the  making  of  porcelane : 
and  the  goodnefs  of  common  tiles, 
> and  bricks,  is  much  increafed,  by 
fulfering  the  clay  to  lie  mellowing 
for  a year  or  two  before  it  is  ufed.  . 


.The 
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' The  clay  here  fpoken  of,  though 
it  does  not  contain  fo  much  calca- 
reous earth,  as  to  render  it  a proper 
manure  for  ftiff,  loamy  foils,  yet  it 
might  probably  be  ufed,  with  great 
advantage,  on  thofe  which  are  light 
and  fandy ; inafrnuch  as  by  its  clayey 
part  (for  clay  is  greatly  retentive  of 
humidity)  it  would  contribute  to 
keep  the  ground  from  being  deprived 
of  its  moifture,  by  the  aftion  of  the 
fun  and  wind  during  the  height  of 
fummer.  The  quantity  of  moifture 
which  is  imbibed  by  the  leaves  of 
vegetables  from  the  atmofphere,  as 
well  as  that  which  is  fucked  in  bv 
their  roots,  has  a great  dependence 
on  the  moifture  of  the  ground  on 
which  they  grow  •,  for  when  the 
ground  is  dry,  the  air  incumbent 
upon  it  will,  comparatively  fpeaking, 
T 2 . be 
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be  dry  alfo,  and  the  vegetables  which 
grow  in  that  dry  air,  will  lack  a 
part  of  that  moifture  which  is  necef- 
fary  to  their  well  being,  for  whether 
moijiure  be  itfelf  the  food  of  vege- 
tables, or  only  the  'vehicle  of  food, 
it  is  indifpenfably  neceffary  for  the 
promotion  of  vegetation  *. 

From  the  confideration  of  marie 
we  pafs  to  that  of  alabajler,  which  is 
feldom  found  in  beds,  except  in 
conjunftion  with  marie.  There  is 
fome  confufion  botli  in  the  philofo- 
phical  and  in  the  common  accepta- 
tion of  the  term  alabafter^  I do  not 
mean  merely  with  refpeft  to  the 
colour  and  tranfparency  of  the  fub- 
ftance,  but  with  relation  to  its  con- 
ftituent  parts,.  This  confufion  may 

be 

■ • Vegetabilia  omnia  a liquoribus  omnino 
ereftunt.  — Newton. . 
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be  greatly  removed,  by  admitting 
two  forts  of  alabafter,  which  are- 
elTentially  different  from  each  other, 
calcareous  and  gypfeous  alabafter : to 
which  fort  any  particular  fpecimen 
belongs  may  be  determined  by  the 
eafieft  experiment.  Dip  a feather  in 
the  acid  of  fea  fait,  touch  the  fpeci- 
men of  alabafter  with  phe  wet  fea- 
ther, if  an  effervefcence  enfues,  tite 
alabafter  is  calcareous^  it  is  of  the 
nature  of  marble,  and  may  be  burned- 
into  lime  \ if  no  effervefcence  enfues, 
the  alabafter  is  gypfeous^  it  is  of  the 
nature  of  PlaJter-of-Pafis^  and  very 
different  from  every  fort  of  marble. 
This  fubftance  is  called  in  the  north 
of  England  allplafier^  being  a cor- 
ruption probably  of  alabafter,  and 
it  is  alfo  often  called  by  the  Latin 
appellation  $ypfum^  efpecially  by  the 
T 3 . French. 
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French.  Gypfura  was  applied  by  the 
ancients  to  the  very  fame  purpofes 
to  which  it  is  applied  by  us ; they 
ufed  it  in  architedture  for  the  making 
of  cielings,  medallions,  and  cornices ; 
and  even  the  name  of  the  perfon, 
who  firft  invented  the  metliod  of 
taking  off  the  impreflion  of  a man’s 
face  in  gypfum,  has  been  preferved 
by  Pliny  *. 

There  are  fome  forts  of  alahajler 
which  differ  fo  widely  in  weight, 
both  from  the  fineft  kinds  of  plafler- 
' ftone,  and  of  calcareous  ftone,  that 
I know  not  liow  they  can  properly 

be 

* Ufus  gypji  in  albanis,'  figillis  acdificio- 
rum,  et  coronis  gratiffimus.  Plin.  Hiil.  Nat. 
L.  xxxvi.  f.  59.  — Hominis  autem  imagi- 
nem  gypfo  e fade  ip/a  primus  omnium  ex- 
prefiit  Lyfiflratus.  Id.  L.  xxxv,  f.  54.  where 
it  is  obferved  that  the  cajl  was  improved  by 
pouring  wax  into  the  gypfum  mould. 
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be  confidered  as  being  of  the  famo 
nature  with  either  of  them.  Mi*. 
Cotes  has  fixed  the  weight  of  a cubic 
foot  of  alabafter  at  1875  ounces 
and  two  other  authors  have  repre- 
fented  it  as  weighing  1872  ounces'}*. 
I have  tried  feveral  fpecimens  of  the 
fineft  Derbyfhire  plafter-llone,  and 
find  that  a cubic  foot  of  it  weighs, 
at  a medium,  2286  ounces  j a cubic 
foot  of  the  Derbyfhire  watricle, 
which  is  a fine  calcareous  done,  re- 
fembling  alabafter  in  colour  and 
tranfparency,  weighs  2720  ounces. 

Two  fubftances  when  combined 
together  in  different  ways,  or  in  dif- 
ferent proportions,  may  conftitute  a 
great  variety  of  bodies  differing 

much 

*'  Cote’s  Hydros. 

f MuirGheabroek  — Wallerius*  . . 

T4 
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ilYuch  from  each  other  in  external 
appearance,  and  fomewhat,  probably, 
in  their  internal  properties.  We 
have  an  inftance  of  this  in  the  com- 
bination of  the  acid  of  vitriol  with 
calcareous  earth,  for  this  combina- 
tion conftitutes  a great  many  fub- 
ftances  exceedingly  different  from 
each  other  in  appearance.  I will 
mention  fome  of  the  molt  remark- 
able. (i)  A lolid  fubllance  not  fo 
hard  nor  fo  heavy  as  marble,  nor  fo 
capable  of  receiving  a line  polilh, 
but  confiding  of  finer  p.articles,  and 
having  a greater  degree  of  tra:ifpa- 
rency  — Gypfecus  gI abaft er.  (2)' A 

'fubftance  compofed  of  larger  par- 
ticles than  the  preceding,  and  hav- 
ing a fcaly  or  granulated  texture  — 
Flafter-ftone.  (3)  A fubftance  whofe 
parts,  inftead  of  being  flat  or  granu- 
lated, 
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lated,  lie  in  longitudinal  fibres,  like 
a parcel  of  needles,  or  a llcein  of 
thread  — Striated  gypfum.  (4)  h 
pellucid  fubftance  confifting  of  a 
number  of  tranfparent  plates  of  a 
lozenge-like  form,  found  in  great 
plenty  and  perfeftion  at  Shotover-hill, 
near  Oxford  — Rhcmboidal  felenites. 
(5)  Some  take  the  lapis  fpecularis, 
vvhich  the  ancients  ufed  inftead  of 
glafi,  to  have  been  compofed,  like 
all  the  preceding  bodies,  of  the  acid 
of  vitriol  and  calcareous  earth  •, 
whilft  others  look  upon  it  as  a fpecies 
of  talc,  which  differs  from  plafter- 

‘ftone  in  this,  that  it  does  not  after 

« 

being  calcined  and  wetted  with  water 
fwell  and  concrete  into  a hard  ftony 
fubftance.  This  lapis  Jpecularis  came 
into  ufe  at  Rome  in  the  age  of  Se- 
neca, 
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neca  * ; it  was  foon  after  its  intro- 
du6tion  applied  not  only  to  lighten 
apartments,  but  to  proted  fruit  trees 
from  the  fe verity  of  the  weather  f ; 
and  it  is  recorded  to  have  been 
principally  by  its  means,  that  the 
Emperor  Tiberius  was  enabled  to 
have  cucumbers  at  his  table  during 
almoft  every  month  in  the  year 

I be- 

* Quaedam  noftra  demum  prodiifle  me- 
nioria  fcimus,  ut  fpeculariorum  ufum,  perlu- 
cente  tefta,  claram  tranfmittentium  lucem. 
Sen.  Ep.  90. 

f Pallida  ne  .Cilicum  timeant  Pomaria 
-brumam, 

Mordeat  & tenerum  fortior  aura  nemus : 

Hibernis  objedla  notis  fpecularia  puros 
Admittunt  foies,  et  line  faece  diem. 
Mar.  L.  viii.  epig.  14.  & 68. 

4 Nihilo  minus  fpecularihus  integi  debe- 
Eunt  ut  etiam  frigoribus  ferenis  diebus  tuto 
producantiir  ad  fdiem.  Hac  ratione  fere 
<oto  anno  Tiberio  C^fari  cucumis  prsebeba- 
tur.  Colum.  L.  xi.  c.  3. 
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I believfe  it  is  ftill  ufcd  in  fome  coun- 
tries in  the  place  of  glafs,  and  we 
certainly  know  that  it  was  fo  ufed  in 
the  time  of  Agrkola^  for  he  mentions 
two  churches  in  Saxony  which  were 
lighted  by  it  *. 

If  the  lapis  fpecularis  was  a kind  of 
plajler-jlone,  it  muft  have 
been  fubjeil  to  one  inconvenience,  it 
could  -not  have  long  flood  the  aftion 
of  the  weather : for  gypjeous  dlabajier., 
phfter-Jlom,  Jelenites,  and  all  other 
combinations  of  the  acid  of  vitriol 
with  calcareous  earth,  are  foluble  in 
water,  either  wholly  or  in  a great  de- 
gree. Thefe  fubftances  require,  in- 
deed, a greater  proportion  of  water 
to  diflblve  them,  than  any  other  fa- 
line  fubftances  do,  but  they  are,  ne- 
verthelefs,  foluble  in  water.] 

I 

• 'Agrlc.  de  Natura  Fisf.  L.  v.  p.  257. 
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1 took  fome  very  white  plafter- 
ftone^  and  pounded  it  into  a fine 
powder;  i pennyweight  of  this  pow- 
der was  put  into  a pail,  containing 
lo  quarts  of  water;  the  powder  was 
entirely  diflblvcd  in  it;  from  hence 
\ye  learn,  that  this  kind  of  plafter- 
llone,  is  wholly  foluble  in  water;  the 
water  was  pump  water  of  48  degrees 
of  heat.  I thought  that  this  quan- 
tity of  water  was  perfedlly  faturated 
with  4 pennyweights,  or  96  grains  of 
the  powder,  and  hence  it  feeins  as  if 
fpring  v/ater,  which  is  ufaally  of  the 
temperature  of  48  degrees,  would 
dififolve  about  one  fourteen  hun- 
dredth part  of  its  weight  of  plafter- 
ftone.  There  are  great  beds  of  plaf- 
ter-ftone  in  the  environs  of  Paris* 
and  the  hardnefs  of  the  v/eil  water  of 
that  city  is  thought  to  arife  from  the 

■ ■ ' . 
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. particles  of  plafter-ftone  which  are 
diffolved  in- it. 

Agricola  efteemed  the  lapis  fpecu- 
laris  to  have  been  a fpecies  of  plafter- 
ftone,  and  in  fpeaking  of  it  he  re- 
marks, that  though  it  could  bear, 
without  being  injured,  the  heaf  of 
furamer  and  the  cold  of  winter,  yet 
the  largeft  maffes  of  it  were  wafted 
by  the  rain  I tied  a lump  of 
plafter-ftone,  weighing  two  ounces, 
to  the  end  of  a pair  of  fcales,  and 
• kept  it  fufpended  in  the  middle  of  a 
pail  of  water  for  48  hours,  the  water 
having  been  changed  two  or  three 
' times  in  the  interval ; at  the  end  of 

the 

* Res  gyffo  cognata  lapis  fpecularis  — fert 
calores  folis  et  hyemis  frigora,  fed  imbrium 
adeo  impatiens  eft,  ut  ft  vel  magnse  ejus  moles 
dpfis  fuerint  expofite  corrumpantur.  Agric. 
de  Nat.  FolT.  L.  v.  Ed.  Baf.  1546. 
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.the  experiment,  it  appeared,  that  the 
plafter-ftone  had  loit  one  thirtieth  of 
its  weight. 

There  are  many  places  in  England, 
where  plafter-ftone  is  gotten  in  great 
abundance,  the  principal  of  thofe 
which  I have  feen,  are  at  Chelajlon^ 
a fmall  village  about  four  miles  fouth 
from  Derby,  and  at  Beacon-Hill  near 
Newark.  They  annually  raife  at 
Chelafton  about  800  tons  of  plafter- 
ftone,  which  is  fold  upon  the  fpotfor 
5 s.  a ton.  It  is  chiefly  ufed  for  the 
m.aking  of  floors  in  Derbyfhire,  Lei- 
cefterfhire,  and  Nottinghamfhire : 
that  which  has  a blueifh  caft  is  moft 
efteemed  for  flooring;  the  very  white 
pieces  are  fold  to  the  potters  ; to  the 
polifhers  of  fpar,  who  call  it  ala- 
bafter,  (though  they  get  their  beft  fort 
of  alabafter  from  Staffordlhire ;)  and 

to 
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to  the  plafterers.  The  plafter-ftone 
before  it  is  ufed,  either  for  floors  or 
cielings,  is  calcined  •,  it  lofes  in  that 
operation,  from  4 to  6 hundred 
weight  in  a ton  j the  lofs,  however, 
in  the  fame  kind  of  flone,  depends 
very  much  upon  the  degree  of  heat 
with  which  it  is  calcined.  I calcin- 
ed, in  the  fame  crucible,  a piece  of 
Derbyfhire  watricle,  a piece  of  fine 
grained  plafter-ftone,  and  a piece  of 
the  ftriated  kind  from  Chelafton. 
The  watricle  loft  after  the  rate  of  8 c. 
3q.  17 lb.  in  a ton;  the  plafter-ftone 
loft  after  the  rate  of  12  c.  oq.  3 lb, 
and  the  ftriated  kind  after  that  of 
10  c.  o q.  2 lb.  in  a ton.  When  the 
ftone  is  calcined,  thofe  parts  of  it 
which  are  expofed  to  the  greateft 
heat,  are  fometimes  melted,  and  they 
frequently  acquire  a yellowilh  call, 

and 
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and  emit  a fulphureous  exhalation, 
and  are  in  both  cafes  thrown  afide  as 
vifelefs.  The  flooring  made  from 
the  ftones,  which  are  become  fulphu- 
reous by  calcination,  is  apt  to  rife 
in  bliflers;  this  proceeds  from  the 
plafter-ftone  having  loft  a portion 
of  the  vitriolic  acid,  which  enters  in- 
to its  compofition,  and  being  thereby 
changed  into  a ipecies  of  lime.  They 
calcine  the  ftone  ulually  at  night, 
that  they  may  be  the  better  able  to 
obfervc  when  it  becomes  red  hot,  in 
which  ftate  they  judge  it  to  have  re- 
ceived heat  enough.  After  calcina- 
tion they  reduce  it  to  a powder,  by 
threlliing  it  with  flails,  or  grinding  it 
• in  a mill ; and  when  it  is  become  of 
a due  finenefs,  they  mix  it  with  a 
proper  quantity  of  water,  and  fpread 
it  to  the  required  thicknefs  upon 
o reeds. 
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reeds,  where  it  immediately  concretes 
into  a folid  floor:  30  hundred  weight 
of  the'  crude  {lone,  will,  when  cal- 
cined, make  20  fqnare  yards  of  floor- 
ing of  i-i  inches  in-thicknefs.  For 
preparing  the  ftone,  and  fliooting 
the  floor,  the  Derbylhire  mafona 
charge  qd.  a fquare  yard  ; hence  20 
fquare  yards  of  plafter  flooring,  in- 
cluding the  price  of  the  ftone  at  the 
pits,  will'coft  1 1.  2S.  6d.  — The 
additional  expence  muft  be  various, 
it  depending  upon  the  price- of  the 
conveyance  of  the  crude  ftone,  from 
the' place  where  it  is  dug,  to'-thc 
place  where  it  is  ufed.  Plafter-ftone, 
however,  is  found  in  fo  many  parts  of 
the  kingdom,  and  the  inland  naviga- 
tions are  become  fo  commodious, 
that  plafter  flooring  might  be  intro- 
duced into  many  countries  with  a 
VOL.  II.  U con- 
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confiderable  faving  of  expence ; a 
eircumftance  efpecially  to  be  attend- 
ed to  in  the  ereftion  of  Public  Infir- 
maries, and  Houfes  of  Induftry. 

They  have  fawn  out  of  the  quarry 
at  Chelafton,  fquare  blocks  of  a yard 
in  breadth  and  thicknefs,  and  of  two 
yards  in  length ; and  blocks  of  ftill 
greater  dimenfions  have  been  raifed 
at  a place  called  Red-hills^  in  the 
county  of  Nottingham,  about  four 
miles  from  Chelafton.  The  ftone  from 
the  red-hills  is  not  fo  good  for  floor- 
ing, as  that  at  Chelafton;  it  is,  how- 
ever, a very  beautiful  ftone,  Lord 
Scarfdale  having  gotten  from  thence 
thofe  fuperb  columns  which  adorn  his 
hall  at  Kedlefton.  Thefe  columns  arc 
made  of  different  blocks,  from  2 or 
3,  to  6 or  8 feet  in  height,  which  arc 
fo  artfully  cemented  together,  that 
o - they 
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they  may  be  taken  for  one  piece.- 
The  blocks  are  raifed  out  of  the 
quarry,  by  being  fawn  to  the  proper, 
length  on  each  fide,  and  to  the  depth 
requifite  for  the  thicknefs  of  the  co- 
lumn, the  block  ftill  adhering,  by 
its  lower  furface,  to  the  quarry,  is 
broken  off  from  thence,  by  being 
raifed  bn  each  fide  with  levers.  It 
is  afterwards  rounded  into  the  pro- 
per cylindric  form  by  the  mallet  and 
chifel,  and  poliflied  by  being  rubbed 
with  various  kinds  of  ftones,  then 
with  emery,  and  laft  of  all  with 
putty.  If  the  veins  of  the  feparate 
blocks  which  are  to  compofe  the 
fiiaft  of  an  alabafter  column,  of  the 
kind  we  are  fpeaking  of,  do  not 
happen  to  fuit  each  other ; in  order 
to  make  the  jundlure  lefs  difcerni-* 
ble,  and  to  give  a greater  appearance 
vz  ' of 
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of  confidence  to  the  whole  co- 
lumn, fmall  pieces  are  here  and  there 
cut  out  of  the  fcparate  blocks, 
and  others  of  a different  colour 
inferred,  and  cemented  by  a mix- 
ture of  rofin  and  bees-wax,  tinged 
green,  red,  brown,  yellow,  according 
to  the  nature  of  the  piece  to  be  in- 
ferred. 

Alabajler  columns,  though  they 
are  much  eafier  to  be  wrought  than 
marble,  and  when  finely  polifhed  look 
very  well,  yet,  I apprehend,  their 
polidi  mufl  be  injured  by  a circum- 
ilance  which  does  not  affe<d:  either 
marble  or  calcareous  alabafter.  The 
atmofphere  is  always  much  charged 
with  humidity,  upon  the  breaking 
up  of  a frod,  and  in  other  dates  of 
the  weather,  fo  much  water  is  dif- 
'Chargcd  from  the  air,  that  marble, 

wain- 
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wainfcot,  and  other  fubftances,  upon 
which  it  fettles,  are  faid  to  fweat. 
Now  the  water  which  thus  fettles  on 
a gypfeous  alahajler  column,  will  dif- 
folve  part  of  the  fubftance  of  the  co- 
lumn, and  as  fome  parts  of  the  ala- 
bader,  are  more  foluble  than  others, 
the  uniformity  of  its  furface  will  be 
injuredj  and  the  part,  moreover,  of 
the  alabafter  which  has  been  diflblv- 
ed,  will,  upon  the  evaporation  of  the 
water,  either  not  adhere  at  all  to  the 
column,  or  it  will  adhere  in  fuch  a 
way,  as  to  render  the  polifh  lefs 
glofly.  But  whether  this  account  of 
the  matter  be  admitted  or  not,  the 
fa<5t,  I believe,  of  the  polifh  of  gyp- 
feous  alabafter  being  injured  by  moift 
weather,  is  not  to  be  denied.  The 
alabafter  columns  in  the  Egyptian 
Hall  at  Holkam,  were  dug  from  the 
, U 3 quar- 
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quarries  in  StafFordfhire,  and  the  late 
Lord  Leicejier  was  at  the  trouble  of 
contriving  means  to  keep  them  dry 
in  moift  weather,  left  their  polifh 
jhould  be  impaired  by  the  action  of 
the  moifture. 

They  annually  raife  about  2000 
tons  of  plafter-ftone  at  the  pits  near 
Newark,  it  is  fold  on  the  fpot  at 
5 s.  6d.  and  at  Gainfborough  at  8 s. 
6d.  a ton,  from  whence  it  is  fent  to 
London,  and  various  other  places. 

It  having  been  faid,  that  plafter- 
ftone  is  a faline  fubftance  refulting 
from  an  union  of  the  acid  of  vi- 
triol with  a calcareous  earth,  the 
reader  may  expeft  fome  proof  of  the 
aflertion.  — Boil  together  pot-afti 
and  plafter-ftone,  and  you  will  obtain 
the  fame  kind  of  fait,  which  would 
- arife  from  uniting  the  acid  of  vitriol 

with 
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with  pot-afh;  and  thence  we  con- 
clude, that  the  acid  of  vitriol  is  one 
of  the  component  parts  of  plafter- 
ftone : that  calcareous  earth  is  the 
other,  is  evident  from  this  confidera- 
tion,  that  the  earth,  which  remains 
after  the  acid  of  vitriol  has  been  fe- 
parated  from  the  plafter-flone,  effer- 
vefces  with  acids,  and  may  be  burned 
into  lime. 

Having  faid  fo  much  concerning 
gypfeous  alaballer,  which  is  an  earthy 
fait  refulting  from  an  union  of  the 
acid  of  vitriol  with  a calcareous  earth ; 
it  may  not  be  improper  to  add  a 
word  or  two  concerning  alum,  whicli 
is  an  earthy  fait,  compofed  of  the 
acid  of  vitriol  and  an  argillaceous 
• earth.  The  acid  of  vitriol  when 
united  with  any  earth,  may  be  fepa- 
. rated  therefrom  by  a fixed  alkali-,  and 
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if  we  pour  into  a folution  of  alum 
any  fixed  alkali,  the  earth  of  alum 
will  be  precipitated,  and  we  lhall 
obtain  a fait,  of  the  fame  kind,  as 
would  refult  from  a direfl  combina- 
tion of  that  alkali  with  the  acid  of 
■vitriol ; and  thence  it  is  inferred, 
that  the  acid  of  vitriol  is  one  of  the 
component  parts  of  alum : upon 
examining  the  earth,  which  is  preci- 
pitated by  the  alkali,  it  will  be  found 
to  be  very  white,  and  very  tenacious, 
and  to  be  capable  of  being  hardened 
in  the  fire ; in  fhort,  it  is  one  of  the 
pureft  clays  in  nature:  and  thence 
it  is  concluded  that  an  argilioceous 
earth  is  the  other,  component  part  of 
alum.  The  conftituent  parts  of  alum 
may  alfo  be  proved  by  its  artificial 
compofition,  for  though  the  vitriolic 
acid,  when  poured  upon  pipe- clay, 

does 
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does  not  feem  to  adl  upon  it,  yet  if 
it  be  boiled  with  it,  a folution  of  the 
clay  in  the  acid  takes  place,  and  an 
alum  may  be  obtained  by  flowly  eva- 
porating the  folution. 

Being  one  day  engaged  in  evapo- 
rating fomething  or  other,  from  a 
faucer  made  of  the  Staffordlhire  yel- 
low ware,  I was  furprifed  to  fee  a 
white  fubftance  bubbling  through  a 
crack  in  the  faucer;  upon  tailing  it, 
I found  it  to  be  a fait ; I colledted  a 
fufficient  quantity  of  it,  and  when  it 
was  diflblved  and  cryftallized,  it  ap- 
peared to  be'  a perfed;  alum.  The 
fire  was  a very  hot  one,  and  it  was 
made  of  coal  cinders,  the  faucer  was 
placed  on  the  bar  of  the  grate,  and 
the  alum,  I conceive,  was  formed 
from  the  fulphureous  acid  of  the  cin- 
ders uniting  itfelf  with  the  clay.,  which 

enters 
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enters  into  the  compofition  of  the 
yellow  ware.  I have  been  informed 
by  a very  intelligent  perfon,  that  the 
vapour  which,  in  fome  places,  efcapes 
from  the  coal-pits  which  are  on  fire 
in  StafFordfhire,  forms  an  alum  where- 
ever  it  meets  with  an  argillaceous 
earth.  This  is  very  conformable  to 
the  manner  of  making  alum  on  the 
Solfatara  near  Naples,  where  they 
place  little  heaps  of  argillaceous  earths, 
or  ftones,  over  the  crevices  from 
which  the  fulphureous  vapour  iflues, 
in  order  that  they  may  colleft  a 
greater  quantity  of  alum  *. 

In  England  we  make  alum  from  a 
black  flaty  fubftance,  called  Jhaky 
this  fubftance  is  a clay,  hardened  in- 
to a ftony  confiftence,  and  fo  much 

im- 

• Lett,  fur  la  Minera.  par  M.  Ferber, 
French  Tranf.  p.  261. 


( 315  ) 

impregnated  with  bitumen,  that  it 
burns  fomewhat  like  coal.  We  have 
feen,  that  coal  emits,  when  it  is  in  the 
ftate  of  a red  hot  cinder,  a fulphu- 
reous  acid  : many  other  bitumens, 
probably,  in  the  fame  ftate  emit  the 
fame  acid,  and  the  acid  which  is 
emitted  from  (hale,  during  its  calci- 
nation, uniting  itfelf  to  the  argillace- 
ous earth  of  the  (hale,  forms  alum. 
About  120  tons  of  calcined  (hale, 
will  make  i ton  of  alum.  The  (hale, 
after  being  calcined,  is  fteeped  in 
water,  by  which  means  the  alum, 
which  is  formed  during  the  calcina- 
tion of  the  (hale,  is  dilTolved;  this 
dilTolved  alum  undergoes  various 
operations,  before  it  is  formed  into 
the  alum  of  the  (hops.  The  greateft 
alum  works,  and,  I believe,  the  only 
ones  which  now  fubfift  in  the  king- 
dom. 
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dom,  are  z.x.  Whitby,  a few  years  ago 
there  were  fome  in  Lancafhire-,  and 
alum  might  be  made  in  many  other 
parts;  but  Whitby  is  fo  conveniently 
fituated  for  coal  and  water  carriage, 
that  alum  can  be  there  afforded  at  a 
cheaper  rate,  than  in  mofl  other 
places,  and  it  cofts  even  there  9 or 
10 1.  a ton  making. 


ESSAY 


ESSAY  VIII. 


Of  Pit -coal. 


JTook  96  ounces  of  Newcajile 
coal,  and  putting  them  into  an 
earthen  retort,  diddled  them  with  a 
fire  gradually  augmented  till  nothing 
more  could  be  obtained  from  them. 
During  the  diftillation,  there  was 
frequent  occafion  to  give  vent  to  an 
elaftic  vapour,  which  would  other- 
ways  have  burft  the  velTels  employed 
dn  the  operation.  The  weights  of 

the 
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the  liquid  found  in  the  receiver,  and 
of  the  refiduum  remaining  in  the  re- 
tort, after  the  diftillation  was  finifh- 
ed,  were  accurately  taken,  and  arc 
exprefled  in  the  following  table. 
Weight  of  Newcajlle  pit- coal  dif- 


tilled 

- 

96  ounces 

1 

I"  Liquid 

Weights  of  the  1 
Produds.  j 

Refiduum  - 

56  VoOnces 

1 

LLofs  of  weight 

28  j 

9 6 

Profeflbr  Nezvmann  analyfed  by 
diftillation,  the  beft  fort  of  the  pit- 
coal  found  at  Halle.,  in  Germany.  He 
ufed  only  48  ounces  in  his  analyfis, 
but  I have  exprefled  the  refult  of 
his  operation,  upon  the  fuppofition 
of  his  having  ufed  twice  as  much, 
or  96  ounces  *. 

• Weight 

• Newmann’s  Cheni.  by  Lewis,  p.  245. 
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Weight  of  the  Halk  pit-coal  dif- 
tilled  - _ - 96  ounces 


Weights  of  the 
Produdls. 


{ 


Liquid 
Refiduum 
Lofs  of  weight 


ounc. 


Dr,  Fenel,  of  Montpellier  analyfed, 
by  diftillation,  64  ounces  of  the  pit- 
coal  of  Jlais,  in  Langue-doc-,  fuppof- 
ing  that  inftead  of  64  he  had  ufed 
96  ounces,  the  refult  of  his  analyfis 
would  have  been  exprelTed  by  the 
following  numbers  * : 

Weight 


• Inftruftions  fur  1*  Ufage  de  la  Houille. 
A.  Avignon,  1775,  p.  45* 
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Weight  of  Alais  pit- coal  dif- 


tiiled 


96  ounces 


f Liquid  - I0j  + 
< Reiiduum  - 84 
(.  Lofs  of  weight  i \ — 


M.  Sage^  of  the  Academy  of 
Sciences  at  Paris,  fays  that  he  has 
diftilled  various  fpecimens  of  pic- 
coal  taken  from  different  places,  and 
that  they  generally  yielded  2 ounces 
of  liquid  from  16  ounces  of  coal*, 
' that  is  12  ounces  from  96  j which  is 
the  fame  proportion  as  in  the  ana- 
lyfis  of  the  Newcaflle  and  Halle  pit- 
coal.  He  does  not  mention  the 
weights  of  the  refiduums,  fo  that 


the 


* Elemens  de  Mineralogic.  A Paris, 
1778,  tome  prem.  p.  94. 
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the  Ioffes  of  weight,  in  his  diftilla- 
tions,  cannot  be  afcertained. 

Thefe  feveral  analyfes  correfpond 
fo  nearly,  with  refpedt  to  the  quan- 
tity of  liquid  procurable  from  dif- 
ferent forts  of  coal,  that  they  very 
much  confirm  one  another ; and 
make  it  probable,  that  we  fnall  not 
be  far  from  the  truth  in  generally 
aflerung,  that  pit-coal  contains  one- 
eighth  part  of  its, weight  of  liquid. 

With  refpeft  to  the  nature  of  the 
liquid,  it  may  be  obferved,  that 
when  poured  out  of  the  receiver,  it 
is  leen  to  confift  of  three  different 
fubftances  j (i)  The  middle  part  is 
an  acid  watery  fluid,  of  a reddifli 
colour,  it  feems  as  if  it  was  loaded 
with  oil,  and  it  fmells  of  volatile 
alkali;  (2)  On  the  furface  of  this 
watery  fluid  there  floats  a fmall  por- 
VOL.  II.  X tion 
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tion  of  oil,  more  or  lefs  liquid  and 
tranfparent,  according  as  the  heat 
ufed  in  conducing  the  diftillation 
has  been  lefs  or  greater;  (3)  At  the 
bottom  there  is  found  a black  thick 
tenacious  oil,  very  much  refembling 
tar.  The  two  oils  together  amounted 
in  the  diftillation  of  the  Newcaftlc 
coal  to  four  ounces,  or  one^third 
of  the  weight  of  the  whole  liquid ; in 
the  analyfis  of  the  Halle  and  Alais 
coals,  as  well  as  in  the  experiments 
of  M.  Sage,  the  two  different  forts 
of  oils  were  obfervable,  but  they 
bore  a greater  proportion  to  tlie 
whole  of  the  liquid,  than  in  the 
Newc'ciftle  coal,  amounting  to  one 
half  of  the  weight  of  the  liquid. 
This  difference  makes  me  fufpeft 
that  1 committed  fome  error,  in  efti- 
mating  the  quantity  of  oil  obtained 

from 
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from  the  diftillation  of  Newcaftle 
coal.  It  is  probable,  however,  that 
the  quantity  of  oil,  feparable  from 
the  fame  kind  of  coal,  may  be  in- 
fluenced, in  fome  degree,  by  the 
manner  of  performing  the  operation  j 
and  there  is,  moreover,  fome  reafon 
to  believe,  that  in  different  kinds 
of  coal  the  quantities  of  oil  may  be 
very  various ; as  we  obferve  them  to 
differ  from  each  other  both  in  their 
pronenefs  to  catch  fire,  and  in  their 
ability  to  fupport  it : though  it  muft: 
be  owned,  that  both  thefe  effedls 
may  as  confiftently  be  explained, 
from  the  difference  of  the  manner 
in  which  the  oil  may  be  combined 
with  the  other  principles  of  the 
coal,  as  from  the  diSeitnce  of  its 
quantity. 


X 2 
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The  correfpondence,  with  refpeft 
'to  the  quantity  of  liquid  obtained 
by  the  feveral  diftillations  of  Englifh, 
German,  and  French  pit-coal,  would 
induce  one  to  fuppofe  that  the  expcr 
riments  had  been  refpedtively  made 
with  .great  accuracy  j but  the  great, 
difparity,  as  to  the  quantity  of  the 
refidues  remaining  after  the  extrac- 
tion of  the  liquid,  feems  to  indicate 
the  contrary,  for  it  is  .greater,  I.  ap- 
prehend, than  can  be  accounted  for 
from  the  .difFei*ent  natures  of  the 
coals.  The  German  and  French 
analvfes  corroborate  each  other,  and 
the. reader  may  thence  reafonably  be 
difpofed  to  queftion  the  truth  of 
mine.  Fie  will  permit  me,  however, 
-to  produce  a teftimony  in  its  fupport,' 
-and  which  is,  perhaps,  the. more -to 

. be 
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be  depended  on,  as  I was  not  aware- 
of  it  when  the  analyfis  was  made. 

Dr.  Hales  by  diftilling  158 
grains  of  Newcaftle  coal,  obtained 
51  grains  of  air.  , From  96  ounces 
he  would  according  .to  the  fame  pro- 
portion have  obtained  30  ounces 
of  air ; now  the  difference  be- 
tween 28  ounces  of  fome  fort  of 
matter  or  other  which  was  loft  dur- 
ing my  diftillation  of  96  ounces  of 
coal,  and  30  ounces  of  air,  which 
might  have  been  obtained  from  the 
fame  quantity  of  co.al  by  Dr.  Hales’ 
method,  is  fo  fmall,  that  it  may 
eafily  be  accounted  for  from  the 
different  modes  of  operating,  or 
from  a flight  difference  in  the  quali- 
ties of  the  coals.  Many  naturalifts 
have  tjionght  that  pit- coal  has  been-. 

pro- 
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prociticed  from  vegetables,  and  efp’c- 
cially  from  forefts  of  refinous  woods, 
which  have  been  buried  in  the  bowels 
of  the  earth  *,  without  entering  into 
all  the  reafons  on  which  this  opinion 
is  founded,  I will  lay  before  the 
reader  an  account  of  the  prodU(51:s 
obtainable  from  different  woods  by 
(diftillation. 

The  woods  which  I diftilled  Were 
heart  of  Oak.,  Box,  Mahogany,  arid 
Sallow.'  They  were  all  dry  and  old, 
"arid  were  cut  into  friiall  pieces,  about 
half  an  inch  fquare,  'before  they  were 
put  irito  the  earthen  retort.  The 
annexed  table  fhews,  at  one  view, 
the  refults  of  the  refpedive  diftil- 
lations. 


Heart 
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' 4Ieart  of  Oak 

Box 

‘Mah. 

Sail. 

Weight  diftiUed,  .96  oz.; 

96 

96 

96 

Uqmd  - 37  4 

61 

33  i 

48 

Refid  uum  - -30 

26  4: 

27  i 

2, 

Lofs  of' weight  28  | 

8 

3S 

27  f 

96’ 

96 

96 

96 

The  liquids  >feparable  from  woods 
by  diftiUation  confift  partly  of  oil, 
but  principally  of  water  impregnated 
with  an  acid,  from  which  alfo  a vo- 
latile alkali  'may  be  difengaged.  The 
oil  varies  in  quantity  according  to 
the  nature  of  'the  wood,  'the  hardcll 
woods,  and  the  hardeft  parts  of  the 
•fame  wood  abounding  moft  in  oil ; 
thus  both  oak  and  box  contained, 
in  the  fame  weight  of  the  wood, 
more  oil  than  fallow  did.  That  part 
of  the  oil  which  is  firlt  feparated 
from  the  wood  is  fo  light  as  to  float 
X 4 upon 
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upon  water,  and  of  a ' yellowidi  co- 
lour; its  quantity,  however,  is  but 
fmall,  compared  with  that  of  the 
thick,  black,  heavy  oil,  which  fol- 
lows it.  It  appears  from  this  ac- 
count, that  the  quality  of  the  liquid 
feparable  from  wood  by  diftillation, 
is  wholly  the  fame  with  that  of  the 
liquid  feparable  from  pit- coal  by  the 
fame  means. 

The  matter  which  is  loft  during 
the  diftillation  of  both  wood  and 
pit-coal  has  been  called  air,  and  it 
certainly  has  one,  at  leaft,  of  the 
moft  diftinguKhing  properties  of  air 
^permanent  elajiicity,  for  bladders 
may  be  inflated  with  it  as  with  com- 
mon air.  It  does  not  begin  to  be 
feparated  from  either-  wood  or  coal 
till  the  lighter  of  the  two  oils  begins 
to  appear;  it  then  ruflies  out  with 

ereat 
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great  violence,  and  unlefs  a proper 
vent  be  given  to  it,  the  ftrongeft 
vellels  will  be  burft  by  it. 

In  diftilling  heart  of  oak,  during 
the  courfe  of  chemical  leftures  which 
1 read  in  the  univerfity  of  Cam- 
bridge,  in  the  year  1767,  I remark^ 
ed  to  the  audience,  that  the  air 
which  ilTued  with  great  violence 
from  the  oak  was  inflammable,  not 
only  at  its  firfl;  exit  from  the  diftil- 
ling veflTel,  but  after  it  had  been 
made  to  pafs  through  two  high 
bended  giafs  tubes,  and  three  large 
velTcls  of  water.  I at  firft  fuppofed 
the  inflammability  to  proceed  from 
fome  oily  particles  which  had  ac- 
companied the  air,  and  which  I 
thought  would  foon  be  condenled 
by  the  cold,  though  they  had  not 

been 
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been  condenfed  in  pafling  through 
the  water;  but  upon  repeating  the 
experiment,  and  collecting  the  air 
in  bladders,  I found  that  it  retained 
its  inflammability  a 'long  'time,  'and 
burned  like  'tire  air  fcp'arable  from 
fome  metals  by  folutiOn  in  acids, 
•From  the  relea'rches  Which  have 
been  lately  made  into  this  fubieCt,  it 
is  now  believed,  that  this  kirid  of 
air  may  be'feparated  from  all  vege- 
table, animal,  and  inflammable  mi- 
neral fubftances  by  diftillation ; and 
the  common  burning  of  wood,  coal, 
paper,  pitch,  oil,  and  other  com- 
buftible  bodies,  is  attributed  to  this 
air,  which  being  feparated  from  the 
body  by  the  heat,  and  inflamed  by 
the  contact  Of  the  fire,  continues  to 
burn  as  long  as  the  body  continues 

to 


( 331  ) 

to  afford  a proper  fupply  of  it.  In- 
flammable air,  confidered  in  this  viev/, 
bears  a great  refemblance  to  what 
the  chemifls  have  hitherto  under- 
flood by  their  phlogifton,  or  food  of 
fire. 

Diftillation  is  not  the  only  means 
of  feparating  inflammable  air  from 
vegetable  and  animal  fubftances,  it 
is  found  to  be  produced  by  putre- 
fablion.  Stagnant  waters,  whofe  bot- 
toms are  covered  with  piurefyint^ 
vegetables,  yield  an  inflammable  air ; 
the  Thames  water,  in  becoming  pu- 
trid, yields  an  inflammable  air : and 
the'fame  obfervation  may,  probably, 
be  true  of  other  river  waters  which 
are  fulDjeCl  to  putrefaflion.  An  in- 
flammable air  has  been  obferved  aifo 
in  fwampy  grounds,  in  cellars,  and  in 
privies.  There  are  many  inftances  re- 
a corded. 
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corded,  of  a vapour  iffuing  from  the 
ftomachs  of  dead  perfons,  which  took 
fire  on  the  approach  of  a candle*; 
the  matter  producing  that  vapour 
could  not,  probably,  become  putrid 
enough  in  the  ftomach,  to  generate 
an  inflammable  vapour,  whilft  the 
perfons  were  alive ; for  Van  Hel- 
mont  has  remarked,  that  the  air  dif- 
charged  from  the  ftomach  by  erufla- 
tion,  is  not  inflammable,  but  that  it 
becomes  fo  in  the  lower  inteftines  j. 

From 

* Colleft.  Acad.  Tom.  III.  Part.  Etrang. 

p.  i6. 

f Ruftus  five  flatus  originalis  in  Jlomaehc, 
prout  et  flatus  Ilei  extinguant  flammam  can- 
delas. Stercoreus  autem  flatus,  qui  in  ultimis 
/ 

formatur  inteflinis,  atque  per  anum  erumpit, 
tranfmiflus,  per  flammam  candelae  tranfvO' 
lando  accenditur,  ac  flammam  diverficolo- 
rem,  iridis  inflar  exprimit.  Van  Helmont, 
Oper.  p.  405. 
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From  heart  of  oak  moderately 
dried  Dr.  Hales  got  one  third  of  the 
weight  of  the  oak  of  the  air  here 
fpoken  of;  this  proportion  fuffici- 
ently  agrees  with  the  quantity  which 
was  loft  during  the  forementioned 
diftillation  of  oak. 

' A cubic  foot  of  dry  boy-wood 
weighs,  according  to  Mr.  Cotes’  ta- 
ble of  fpecific  gravities,  1030  ounces; 
hence,  fuppofing  that  96  ounces  of 
fuch  wood  had  only  given  61  ounces 
of  liquid,  it  may  appear  by  an  eafy 
calculation,  that  a cubic  foot  of  dry 
box- wood  contains  above  gallons  of 
liquid ; fuppofing  the  liquid  to  be 
no  heavier  than  water;  and  if  we 
admit  the  oil  and  the  acid,  when  con- 
centered, to  amount  to  two  quarts, 
the  other  18  quarts  may  be  looked 
upon  as  pure  water;  nay,  the  quan- 
tity 
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tity  of  water  may  be  confidered  as 
amounting  to  almoft  the  whole  of 
the  liquid,  fince  both  acids  and  oils 
principally  confift  of  water. 

A cubic  foot  of  fallow  weighs, 
according  to  Mufchenbroek,  585 
ounces,  and  fuppofing  that  96  ounces 
of  fuch  wood  would  yield  by  diifil- 
lation  48  ounces  of  liquid,  then  a 
cubic  foot  would  contain  about  9 
quarts  of  liquid,  which  is  not  half  fo 
much  as  an  equal  bulk,  of  box-wood 
contains. 

I put  the  matter  in  thefe  different 
lights,  in  order  to  excite  thofe  who 
have  leifure  to  make  fiinilar  inqui- 
ries, for  it  is  undoubtedly  a very 
wonderful  thing,  that  fuch  large 
quantities  of  water,  and  air,  fhould 
be  combined  with  the  earth  of  wood, 
by  fuch  a peculiar  bond  of  union  as 

to 
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to  remain  for  ages,  without  lofing 
any  of  their  diftinguilhing  proper- 
ties. And  here  I am  fenfible  is  great 
room  for  many  phyQcal  inveftiga- 
tions.  — Are  the  denfeft  woods  the 
moft  abundant  in  air  and  water  ? Is 
the  air  generated  by  the  procefs  of 
diftillation,  or  only  difengaged  from 
the  wood,  into  the  compofition  of 
which  it  had  entered,  together  with 
water,  by  vegetation?  Have  the  /»- 
fiamwabk  airs,  feparable  from  differ- 
ent woods  by  diftillation,  the  fame 
fpecific  gravity,  and  the  fame  degree 
of  inflammability  ? or  is  the  inflam- 
mability influenced  by  the  nature  of 
the  oil  contained  in  the  wood  ? How 
long  will  a given  quantity  of  air  re- 
tain its  inflammability  ? Does  it  lofe 
it  in  confequence  of  the  ■precipitation 
of  fame  oify  particles.,  which  are  dif- 

folved 
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folved  in  it,  when  it  is  firft  diftilled  ? 
As  no  particle  of  matter  can  be  an- 
nihilated, what  becomes  of  the  in- 
flammable air,  after  it  has  been  in- 
flamed ? is  it  reduced  to  an  unclaftic 
e/!r//i,  or  docs  it  ftill  exifl;  under  the 
form  of  an  uninflammable  elaftic 
fluid?  whence  is  it  that  no  air  begins  to 
be  diftilled,  till  the  moft  volatile  part 
of  the  oil  begins  to  be  feparated  from 
the  wood  ? Fraxinella  is  a very  odo- 
rous plant-,  when  in  full  blolTom,  the 
air  which  furrounds  it  in  a ftill  night, 
may  be  inflamed  by  the  approach  of 
a lighted  candle-,  does  this  inflam- 
mability proceed  from  an  inflamma- 
ble air,  which  is  exhaled  by  the  plant, 
or  from  Tome  of  the  finer  particles 
of  the  oil  of  the  plant,  being  dflolved 
inthe  common  air  of  the  atmofphere? 
Whence  is  it  that  the  oils  diftilled 

from 


( 337  ) 

from  wood,  during  the  fame  opera- 
tion, are  of  different  colours,  con- 
liftences,  and  fpecific  gravities  ? 
Does  this  variety  depend  upon  the 
lofs  of  the  air,  or  upon  the  quantity 
of  the  acid  mixed  with  the  oils?  Are 
the  oils  and  acids  of  different  woods 
diftinguifhable  from  one  another,  by 
any  fpecific . differences,  or  do  they 
only  differ  from  one  another  as  to 
more  or  lefsr  Suppofing  the  acids 
obtained  from  different  woods  to  be 
of  the  fame  fort,  and  to  be  purified 
to  the  greateft  degree,  what  kind  of 
falts  would  they  form,  when  united 
with  alkalies,  earths,  and  metallic 
fubftances  ? In  what  manner  are  the 
relative  proportions  of  the  water,, 
acid,  oils,  air  and  refiduum  feparable. 
from  wood  by  diftillation,  influenced 
,,  v-QL.  Ilk  X by- 


( 33S  ) 

’by  the  operation  being  conduced 
■with  a quick  or  a flow  fire  ? 

Thefe,  and  a great  many  fimilar 
queflions,  might  be  refolved  with  the 
greatefk  accuracy,  and  our  know- 
ledge be  thereby  much  advanced. 
But  it  falls  to  the  lot  of  few  to  be 
able  to  build  commodious  Elabora- 
tories,  to  purchafe  fuitable  inftru- 
ments,  to  fupply  proper  materials, 
and  to  maintain  operators  to  execute 
the  infinite  variety  of  experiments, 
which  might  be  devifed,  for  the  re- 
gular and  fyftematic  improvement 
of  every  branch  of  Chemiftry. 

The  refidue  remaining  in  the  re- 
>tort,  after  the  diftillation  of  the  wood, 
is  a perfedt  charcoal,  and  that  which 
remains  after  the  diftillation  of  pic- 
coal,  is  . a light  fpungy  mafs,  in  ap- 
• pearance. 
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■pearance,  and,  indeed,  in  quality, 
refembling  a fubftance  prepared  from 
pit-coal,  as  an  article  of  trade,  and 
which  is  ufually  called  cook  or  cinder. 

At  Newcajlle^,  24  barrows  of  coals 
produce  generally  but  18  barrows  of 
cinders,  and  the  price  of  a bulhel,  or 
of  any  other  meafure  of  cinders,  is 
commonly  one  third  more  than  the 
•price  of  the  fame  meafure  of  coals  *• 
At  Cambridge,  on  the  contrary,  where 
great  quantities  of  cinders  are  pre- 
rpared  for  the  drying  of  malt  in  the 
town  and  neighbouring  villages,  the 
price  of  cinders  and  of  coals  is  the 
fame.  From  this  circumftance  it 
■might  probably  be  inferred,  that  the 
coal  was  increafed  in  bulk  by  being 
converted  into  cinder,  otherwife  the 
■Merchant  would  have  no  compenfa- 

■ tion 


• Newmann’s  Chem.  by  Lewis,  p.  245. 
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tion  for  the  expence  attending  the 
procefs.  Upon  examining  the  fadt,. 
I found  that  in  one  inftance  30 
bufhels  of  coal  gave  39  bufliels  of 
cinders,  and  in  another  2 8 bufhels  of 
coal  gave  36  bufhels  of  cinders.  The 
quantity  of  cinders,  being  eftim'ated 
hy  meafurei  depends  much  upon  the 
cinders  being  in  rounder  lumps  than- 
the  coals ; and  the  real  .quantity,, 
cflimated  by  weighty  depends  greatly 
upon  the  degree  of  heat  to  which  the 
cinder  has  been  expofed.  I take  the- 
difference  in  the  bulks  of  the  New- 
-caftle  and  Cambridge  cinder,  pro- 
curable from  an  equal  quantity  of 
coals,  to  proceed  from  the  different 
degrees  of  heat  to  which  they  are  ex- 
pofed: the  Cambridge  coak  ovens 
being  drawa  once  in  24  hours,  and 

thofe- 
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thdfe  at  Newcaftle  only  onde  -i'n  48 
hours,  or  thereabouts.  . 

• In-  order  to  fee  what  elFedt-  a longer 
continuation  of  fife,  would  have  up- 
on the  ordinary  Cambridge  cinder,  I 
took  a large  piece,  and,  having 
broken  it,  threw  one  part  of  it  into 
the  middle  of  a fierce  cinder  fire,  em- 
ployed in  the  drying  of  malt;  This 
part  became  fed  hot  in  lefs  than  ten 
minutes;  after  it  had  continued  in 
that  fituation  for  above  two  hours,  I 
took  it  out,  and  when  it  was  cold  I 
found  it  confiderably  wafted  in' bulk;, 
but  it  appeared  to  be  harder  and 
blacker  than  the  other  part  of  the 
fame  piece,  and  its  pares  were  cer- 
tainly more  condenfed;  for  I found 
that  a cubic  foot  of  the  ordinary  cinder 
weighed  1090  ounces,  and  a cubic 
foot  of  that  which  had  been  expofed 
Y 3 - . to 
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to  the  fire  for  two  hours,  weighed 
1.208  ounces.  This  cinder  was,  prot 
bably,  as  much  changed  in  the  fpace 
of  two  hours,  by  the  ftrong  draught 
of  the  fire  in  which  it  was  put,  as  it- 
would  have  been  by  a much  longer 
continuance  in  the  coak  oven,  where 
the. draught  of  air  is  very  little:  and 
from  this  experiment  it  may  be  in- 
ferred, that  the  quantity  of  cinders, 
procurable  from  a definite  quantity 
of  coals,  depends  very  much  upon 
the  ftrength  and  continuance  of  the 
fire,  fince  the  cinder  after  it  is  fully- 
formed,  is  not  only  wafted  in  part  by 
a longer  continuance  in  the  oven-,  but 
the  part  which  remains  is- rendered 
more  denfe,  and  upon  both  accounts 
the  quantity,  eftimated  by  meafurCj 
is  leflened.  This  obfervation  may  be 
of  ufe  to  thofe,  who  are  employed  in 
u.  pre,- 
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preparing  cinder  for  fale ; and  upon’ 
inquiry  I find,  that  the  quantity  of 
cinder  procured  from  the  fame  quan- 
tity of  coal  is  very  variable ; when  the 
operation  has  been  longer,  or  the  heat: 
greater  than  ufual,  inftead  of  gaining 
of  fix  or  eight  bufliels  from  every 
thirty  bufliels  of  coal,  they  fometimes 
are  not  able  to  get  even  30  bufliels 
of  cinder. 

The  confumption  of  charcoal  in  ’ 
fluxing  iron  from  its  ores,  and  in 
manufafturing  it  into  bar  iron  is  fo 
very  confiderable,  and  the  price  of 
charcoal,  from  the  great  fcarcity  of 
underwood  in  this  kingdom,  is  fo 
great,  that  many  attempts  have  been 
made  to  fubftitute  in  this  bufinefs 
charred  pit  coal  in  the  room  of  char- 
coal. Thefe  attempts  have  in  part 
fucceeded,  and  iron  is  now  very  ■ 
y.4,  gene,- 
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generally  extradted  from  its  ore  by  fires 
made  with  coak.  But  the  iron  thus 
procured  is  very  fragile  and  coarfe, 
and  cannot,  without  great  difficulty, 
be  rendered  as  malleable  as  that 
which  is  fluxed  with  charcoal ; it 
may  anfwer  nearly  as  well  for  call- 
ing, but  it  cannot  be  made  into 
good  bar  iron  by  any  art  hitherto 
known.  Hence  it  became  an  objedt 
worthy  the  contemplation  of  the  fo- 
ciety  for  the  encouragement  of  arts, 
manufadtures,  and  commerce,  to  pro- 
pofe  premiums  forthemakingpigiron, 
and  converting  pig  iron  into  bar  iron 
■with  coak.  The  pigs  and  bars  were 
required  to  be  as  good  as  thofe  made 
with  charcoal,  but  the  premiums, 
though  propofed  from  1762  to  1766 
were  never  claimed*.  Thofe  who 
' are 

• Memoirs  of  Agriculture,  Vo).  I.  p.  220^ 
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are  interefted  in  iron  works,  have 
-motives,  more  prevalent  than  the 
fociety’s  premiums,  to  induce  them 
p perfefi:  the  art  of  fmelting  ' by 
means  of  charred  pit-coal ; and  it 
may  not  be  an  ufelefs  hint  to  them, 
to  try  “.he  effeft  of  coak,  which  has 
undergone  different  degrees  of  heat. 
I ordered  a ton  of  coals  to  be  put 
into  a coak  oven,  and  when  it  was 
in  the  ufual  way  converted  into  a 
cinder,  I found  that  it  weighed  ii 
hundred  weight ; had  it  flayed  longer 
in  the  oven  It  would  have  been  re- 
duced further,  and  it  may  deferve 
to  be  inquired,  whether  there  is  not 
a definite  weight  to  which  any  given 
quantity  of  coals  ought  to  be  re- 
duced, in  order  to  produce' the  befi 
poffible  coak  for  the  fluxing  of  iron 

ore. 
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ore.  The  Calais  pit-coal  is  faid  tO' 
lofe  half  of  its  weight  by  being  re- 
duced to  coak,  whilft  another  fort 
of  coal  loft  only  35  parts  in  an  hun- 
dred:. this  diverfity  may  depend 
partly  on  the  nature  of  the  coal,  but 
principally,  I conceive,,  on  the  de- 
gree and  continuance  of  the  fire  ufed 
in  the  preparation  of  the  coak. 

“ What  fhall  I fay  further  of 
coals,  except  I tell  you  of  one  Be-; 
cher^  in  King.  Charles  the  Second’s 
time,  who  pretended  to  make  pitch 
and  tar  from  them,  but  I think  his 
projedl  came  to  nothing  -f-.”  This 
is  Houghtons  obfervation  concerning 
a,proje6l  of  one  of  the  greateft  che- 
mifts  that  ever  lived.  Whatever, 
fate  his  projedl  .met  with  in  his  own 

age, 

• Inllruc.  fur  P Ufage  de  laHoullle,  p. 

f ^ Houghton’s  Coliec,  Vol,  II.  No.  242,: . 
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agej  it  has  been  realized  in  ours*,, 
for  a kind  of  tar  has  for  feveral  years 
left  paft  been  prepared  from  coal  in 
the  biihopric  of  Lieg&,  and  in  other 
parts  of  Germany-,  we  alfo  make 
Gonfiderable  quantities  in  England, 
efpecially  near  ' Brofeleyt  and  at 
Brijlol* a perfon  at  Briftol  having 
obtained,  a patent  for  making  tar 
from  pit-coal,  the  condition  of  which, 
if  I am  rightly  informed,  is,  that 
every  perfon  who  undertakes  to  pro- 
cure 

* In  the  Philo.  Tranf,  Nor  228,  year 
1697,  there  is  mention  made  of  pitch  and 
tar  being  then  feparated  at  Brofeley^  in  Shrop* 
Jhire^  from  the  black  bituminous  ftone  which 
lies  oyer  the  coal.  It  was  feparated,  partly 
by  boiling  the  Hone,  and  partly  by  diftilling 
it  — the  prefent  method  of  obtaining  pitch 
from  pit- coal  is  a great  improvement  upon, 
the  former  pra^ice^ 
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cure  tar  from  pit-coal  muft  pay  H 
(hilling  a barrel  to  the  patentee. 

' The  method  of  making  tar  is  thus 
defcribed  by  Newmann.  — “ Tar  is 
prepared  in  different  parts  of  Ger- 
rhany,  Norway,  Sweden,  &c.  from 
the  pine  and  the  fir-trees,  and  in 
fome  places  from  the  larch  and  the 
terebinth.  The  wood  is  inclofed  in 
a large  oveti  to  the  quantity  of  ten 
Or  more  loads  at  a time : this  (lands 
within  another  oven  called , the 
mantle,  the  fpace  betwixt  them  re- 
ceiving the  fire.  From  , the  bottom 
of  the  inner' oven  runs  a gutter,  by 
which  the  tar  is  conveyed  off  in 
proportion  as  it  melts  out  of  the 
Wood*.”  This_procefs  is  a kind  of 
diftillation,  in  which  the  inner  oven 
! repre- 

* Newmann’s  Chem.  p.  288. 
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feprefents  the  body  of  the  retort^ 
and  the  gutter  its  neck.*  The  fluid- 
parts  of  refinous  woods  are  probably 
capable  of  being  melted  out  of  them 
with  a lefs  degree  of  heat  than  what 
is  reqyiifite  for  the'  diftillation  of 
coal,  yet  the  procefs  for  procuring 
tar,  here  mentioned,  might  be  ap- 
plied with  a few  alterations  to  the 
obtaining  the  thick  oil  of  coals. 
There  would  in  this  plan-  be  no  lofs 
of  fuel, ; the  coal  contained  in  the 
inner  oven  would  be  converted  into 
one  of  the  moft  valuable  kinds  of 
coak,  and  the  fire  between  the  ovens 
■would  afford  a cinder  as  good  as  the 
comtnon  cinder. 

In  the  bifhopric  of  Litge.  the  coal 
is  diftilled  in  a kind  of  ftill  compofed 
of  two  . large  caft-iron-  pots.  In 
England  the  .coal  js  put  into  ovens 

, • . which 
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which  are  heated  by  fires  lighted 
under  their  bottoms,  and  the  liquid 
matter  is  forced  through  an  iron 
pipe  inferred  into  the  top  of  the 
oven,  and  which  communicates  with 
proper  condenfing  veflels.  As  the 
pitchy  oil  is  very  heavy,  the  diftil- 
lation,  I think,  would  be  moft  ad- 
vantageoufly  performed  by  making 
the  fire  on  the  top  of  the  oven  con- 
taining the  coal,  fo  that  the  liquid 
matter  might  be  made  to  defcend 
through  a pipe  inferred  into  the  bot- 
tom of  the  oven,  and  communicat- 
ing with  proper  receivers. 

In  the  great  works  they  obtain 
■the  very  fame  fubftances  which  wc 
got  from  the  analyfis  of  coal  — a 
corrofive  watery  liquor,  and  two 
forts  of  oil.  The  two  oils  are  put 
into  an  iron  Hill,  in  order  to  their 

being 
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being  further  purified  from  the  wa- 
tery liquor  with  which  they  are  mix- 
ed ; 6 barrels  of  this  oily  matter 
produce  about  5 barrels  of  oil  of  a 
thicker  confidence  *,  of  the  oil  thus 
thickened  one  part  is  lighter  than 
the  other,  the  lighter  part  is  drawn 
off  from  the  other,  and  is  not  at 
prefent  applied  to  any  ufe ; the 
thicker  part  is  ufed  as  tar^  for  the 
paying  the  fides  and  bottoms  of 
(hips,  but  it  is  not  found  to  anfwer 
fo  well  as  tar  either  for  cordage,  or 
to  mix  with  oakum. 

Thofe  who  are  interefled  in  the 
preparation  of  coak  would  do  well 
to  remember,  that  every  96  ounces 
of  coal  would  furnifh  4 ounces  at 
the  lead  of  oil,  probably  6 ounces 
smight  be  obtained,  but  if  we  put 

the 
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the  product  fo  low  as  5 ounces  from 
100,  and  fuppofe  a coak  oven  to 
work  off  only  100  tons  of  coal  in  a 
year,  there  would  be  a faving  of  5 
tons  of  oil,  which  would  yield  above 
4 tons  of  tar : the  requifite  alteration 
in  the  ftrufture  of  the  coak  ovens> 
fo  as  to  make- them  a kind  of  diftil- 
Jing  veflels,  might  be  made  at  a very 
trifling  expence. 

It  has  been  before  obferved,  that 
wood  and  pit-coal  wholly  refemblc 
each  other  in  the  products  which 
they  yield  by  diftillation,  and  as  the 
oil  from  pit-coal  is  found  to  anfwer 
the  purpofe  of  tar,  it  might -furely 
be  a matter  worthy  the  confideration 
of  thofe  who  are.  engaged  in  the 
burning  of  wood  into  charcoal^  to 
contrive  means  which  might 'cafily 

be 
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be  done,  of  faving  all  the  oil  which 
is  feparated  from  the  wood  during, 
that  operation. 

The  acid  liquor  which  is  procured 
from  pit- coal,  when  it  is  diftilled  for 
tar,  is  at  prefent  thrown  away,  as  L 
have  been  informed  by  a perfon  who 
is.  much  engaged  in  this  bufinefs.. 
Without  entering  into  the  difpute 
concerning  the  origin  of  the  vegeta- 
ble fixed  alkali,  we  may  obferve,  that 
it  is  generally  obtained  from  the 
combuilion  of  the  vegetable,  and 
there  is  reafon  to  think,  that  the  adj 
of  the  vegetable  contributes  in  fome 
way  or.  other  towards  its  produftion : 
thus  the  concrete  acid  of  tartar  yields, 
by  being  burned,  a great  quantity  of 
fixed  alkali.  Is  it. wholly  improba- 
ble, that, the  add  liquor  which  is  fe- 
parated  from  the  coal  by  diftillation, 
VOL.  II,  z.  might 
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: might  be' converted  into  a fixed  alkali 
by  being  boiled  down  and  calcined, 

. either  by  itfelf,  or  in  conjunftion 
with  ftraw,  charcoal  duft,  or  any 
other  fubftance,  containing  the  in- 
. flammable  principle? 

The  making  of  fixed  alkali  in 
Great  Britain,  is  a matter  of  fuch 
great  national  concern,  that  the  com- 
mercial reader  will  excufe  me,  if  I 
• give  another  hint  or  two  upon  the 
fubjeft.  . Might  not  pot-afh  be  pre- 
t pared  in  the  cyder  countries,  from 
. the  calcination  of  the  acid  earthy 
,;pulp,  which  remains  after  the  juice 
, is  prefled  out  from  the  apple?  The 
: hxtw^ry  grains  are  at  prefent  applied 
to  fome  life,  would  they  not,  if  fuf- 
iered  to  turn  four,  yield  more'  profit 
<,  by  being  calcined  for  pot-afn  ? The 
- brewery  hops,  which  are  impregnated 
a ■ ' with 
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wkh  the  fweet  wort,  would  probably 
turn  four,  and  as  they  are  thrown 
away  as  ufelefs,  might  it  not  be  ad- 
vifeable  to  fee  whether  they  would 
not  yield  pot-afli  by  calcination  ? 
The  lees  and  refufe  from  the  making; 
of  vinegar,  might  be  tried  for  the 
fame  purpofe;  and  fo  might  all  the 
water  which  is  impregnated  with  the 
wafliings  of  the  floors,  veflels.  See. 
in  which  any  vegetable  liquor  is  fer- 
mented, either  into  ale  or  vinegar. 
I remember  having  evaporated,  feve- 
ral  years  ago,  a large  quantity  of 
horfes’  urine,  with  a view  of  feeing 
whether  it  would  yield  by  cryftal- 
lization,  the  fame  kind  of  fho/phoric 
fait,  which  may  be  obtained  from 
human  urine;  1 could  not  procure 
any  fait  of  that  kind  from  it;  bur, 
v/hen  it  was  evaporated  to  drynefs, 
s 2 it 
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it  yielded,  even  without  calcination^  a 
great  deal  of  fixed  alkali.  The  urine 
of  animals,  which  feed  upon  vegeta- 
bles, arifes  from  the  juices  of  the  ve- 
getables, which  have  been  changed 
in  fome  degree  by  the  organs  of  di- 
geftion  ; may  not  a fimilar  change 
take  place  by  putrefadtion  ? and  may 
not  the  putrefadtion  of  vegetable 
juices  be  increafed,  by  a fmall  ad- 
mixture of  common  fait  ? and  would 
not  the  quantity  of  alkali  be  thereby 
increafed  ? Is  it  not  poffible  to  de- 
compofe  common  fait,  by  mixing  it 
with  vegetables  in  a ftate  of  putre- 
fadlion  ? If  the  acid  of  fait  could  by 
any  cheap  means  be  feparated  from 
its  alkaline  bafis,  it  would  undoubt- 
edly be  the  interefl:  of  government  to 
exempt  from  the  fait  duty,  all  fuch 
rock  or  lea  fair,  as  lliould  be  con- 
verted 
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• verted  into  a fixed  alkali ; for  by  that 
means,  all  the  money  might  be  kept 
in  the  kingdom,  which  is  now  fent 
out  of  it,  for  the  purchafe  of  barilla, 
and  other  forts  of  fixed  alkali. 

It  has,  with  fome  men,  been  a 
fubjefl  of  apprehenfion,  left  all  the 
coal-pits  in  England  fhould  foon 
become  exhaufted.  The  quantity 
of  coal  which  is  annually  raifed,  is 
certainly  very  great;  and  as  coal  is 
not  found  to  grow  again,  the  time 
muft  come,  when  it  will  all  be  con- 
fumed.  That  aera,  however,  is  cer- 
tainly at  a great  diftance,  fince  in 
thofe  countries  where  coal  is  found, 
they  are  conftantly  opening  frefh  pits, 
and  may  for  centuries  to  come  con- 
tinue to  open  more ; and  coal  may, 
probably,  be  difcovered  in  many 
counties,  where  none  is  extrafted  at 
z 3 pre- 
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prefent.  It  will  enable  the  reader 
to  form  fome  notion  of  the  great 
excavations,  which  are  annually  made 
in  this  I Hand  from  the  digging  of 
coal,  if  we  calculate  the  extent  of 
that  which  is  made  in  one  year,  in 
eonfequence  of  the  coal  which  is  im- 
ported into  London.  The  follow- 
ing account  may  be  relied  on. 

An  account  of  coals  impor.ed  into 
the  port  of  London,  in  ten  years, 
ending  at  Chriftmas  1779. 


Cliriftraas  1770 

- - 

6i5,33ochalders. 

1771 

- - 

694,003 

J772 

725,008 

1773 

- - 

624,781 

>774 

- - 

623,727 

>775 

- - 

672,786 

1776 

- - 

700,207 

>777 

- - 

697.43s 

>778 

- - 

647,361 

>779 

- - 

587,895 

Annual  average 

658,853 

No 
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No  a'ccounts  are  kept  at  the  Cuf- 
tom  Haufe,  diftinguifhing  the  im- 
portation from  Newcaftle,  Sunder- 
land, Blythe,  Hartlepool,  &c.  or 
from  the  feveral  parts  in  Scotland 
and  Wales,  the  Crown  revenue  not 
being  affecSled  thereby.  The  duty  is 
8 s.  per  chalder  of  36  Winchefter 
bufhels,  on  all  coals  fold  by  meafure, 
and  6s.  4d.  per  ton,  on  fuch  as  are 
fold  by  weight.  It  appears  from  the 
preceding  account,  that  in  the  year 
1777,  there  were  imported  into  the 
port  of  London  697,435  chalders, 
and  we  learn  from  another  autho- 
rity*, that  iri  the  fame  year  there 
were  imported  from  Newcajik  and 
Sunderland  alone  692,093^  chalders*, 
by  comparing  thefe  numbers,  we 
may  obferve  how  fmall  a portion  of 

the 

* "Ann,  Reg.  1777,  Ch.  16!.^ 

Z 4 . 
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the  coal  confumed  in  London,  is 
brought  from  any  other  quarter, 

A chalder  of  coals,  Newcaftle 
meafure,  is  allowed  by  Adt  of  Par- 
liament * to  weigh  53  hundred 
weight : and  as  8 Newcaftle  chalders 
are  equal  to  15  London  chalders, 
reckoning  36  Winchefter  buihels  to 
the  London  chalder,  it  follows,  that 
a chalder  of  coals,  London  meafure, 
is  equal  to  a little  more  than  28  hun- 
dred weight.  But  fuppofing  28  hun- 
dred weight  to  be  the  weight  of  a 
London  chalder,  then  as  the  medium 
quantity  of  coal  annually  imported 
into  London  is  658,853'chalders,  it 
may  be  colledted,  that  there  are  an- 
nually imported  922,394  tons. 

The  following  table  exprefles  the 

re- 

* 6 & 7 W.  Si  M.  III.  c.  10.  f.  2. 
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relative  weights  of  a few  different 
forts  of  coals. 

Weight  of  a cubic  foot  of 

Welfli  coal  . - - 1396  ounces  avoir. 

Yorkfhlre  flone-coal  1307  — « — 

Lancalh.  cannel-coal  1273  

Newcaflle  upon  Tyne  1271  — 

* Staffbrdfliire  coal  1241 

X Coal  de  Graiffefac  1371  

J Coal  des  Carmaux  1333  — — * 

J Coal  d’ Alais  - 1500  — - 

Medium  weight  1336  ounces  avoir. 

The  Wellh  coal  was  of  that  kind 
which  burns  without  giving  any 
-iinoke,  they  rnix  it  here  with  cinder 
for  the  drying  of  malt.  The  York- 
firire  (lone- coal  was  taken  from  a pic 

near 

* Philof.  Tranf.  No.  169. 

X The  v/eights  of  the  three  French  coals 
were  calculated  from  experiments  mentioned 
. in  Inflrud,  fur  FUfage  de  Houille,  p.  2. 
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near  Wakefield,  and  is  part  of  the 
ftratum,  which  lies  at  the  bottom  of 
the  black  coal.  The  Cannel  coal 
was  from  Wigan  in  Lancafhire:  this 
coal  is  commonly  ufed  by  the  coun- 
try people  to  work  by  in  winter 
nights,  inftead  of  candles,  and  its 
name  has  been  probably  derived  from 
its  ufe,  candles  being  called  in  the 
diale6t  of  the  northern  counties, 
cannels. 

The  Newcaftle  coal  was  of  a kind 
w'hich  is  much  efteemed  at  Cam- 
bridge, and  which  is  called  Old  Ducks. 
The  medium  weight  of  a cubic  foot 
of  thefe  feveral  coals  being  1336 
avoirdupois  ounces,  a cubic  yard  or 
27  cubic  feet  of  coal,  will  weigh 
22541.  avoirdupois  pounds ; there  are 
2240  fuch  pounds  in  a ton,  hence  w’e 
may  fay  in  general,  that  a cubic  yard 

of 
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of  pit- coal  weighs  a ton ; fome  forts 
of  coal  weigh  a few  pounds  more, 
and  other,  a few  pounds  lefs  than  a 
ton.  From  what  has  been  before 
obferved  concerning  the  quantity  of 
coal  annually  imported  into  London, 
we  may  now  conclude  that  922,394 
cubic  yards  of  coal  are  annually  dug 
out  of  the  earth  for  the  fupply  of 
the  London  market.  This  quantity 
of  coal,  if  fpread  to  the  thicknefs 
of  an  inch,  would  cover  an  area  of 
above  10  fquare  miles;  and  no  doubt 
the  confumpdon  of  fo  large  a quan- 
tity contributes  very  much  both  to 
the  daily  dirtinefs  of  the  ftreets  of 
London,  and  to  that  elevation  of 
foil- which  is  fufficiently  obvious  in 
the  city  and  its  environs,  when 
diftant  periods  of  time  are  compared 
together. 


The 
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The  weight  of  a London  chalder 
of  coals  is  here  put  equal  to  28 
hundred  weight,  'upon  the  fuppofi- 
tion  of  8 Newcaftle  chalders  being 
equal  to  1 5 London  chalders.  Upon 
weighing  a bufliel  of  the  middle 
fized,  large,  and  fmall  old  ducks  at 
Cambridge,  I found  the  weights 
to  be 

Middle  iized  - 74 

Large  coal  - 76 

Small  coal  - 80 

Medium  - - 76I 

This  medium  does  not  give  quite  25 
hundred  weight  to  a chalder.  I 
found,  by  weighing  coals  at  another 
warehoufe  in  Cambridge,  that  30 
buQiels  made  a ton,  which  is  74!- 
pounds  to  a bufhel. 

It  is  not  certainly  known  how 

long  coal  has  been  dug  in  great 

Britain  i 
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Britain ; the  firft  fort  of  fuel  which 
all  nations  ufed  was  probably  wood, 
and  as  that  grew  fcarce  men  began 
to  fearch  into  the  bowels  of  the 
earth  for  fomething  to  fupply  its 
place.  We  have  good  reafon  to  be- 
lieve that  the  Newcaftie  coal  pits 
were  wrought  in  the  time  of  the  Ro- 
mans, for  coal  cinders  have  been 
found  at  the  bottom  of  the  founda- 
tion of  a city  built  by  the  Romans 
in  that  country  *,  but  whether  they 
were  not  wrought  by  the  Britons 
before  the  Roman  invafion,  is  a 
queftion  which  cannot,  perhaps,  be 
pofitively  decided  either  way. 

Anderfon,  in  his  hiftory  of  com- 
merce, fixes  the  introduftion  of 
Newcaftie  coal  into  London  at  fo 
early  a period  as  the  year  1305;  and 

mentions 

* Wallis’  Hift.  of  Northumberland. 
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mentions  a complaint  of  the  nobi- 
lity and  gentry,  which  was  preferred 
to  the  King  againft  the  ufe  of  fea 
coal,  as  a public  nuifance.  A fimi- 
lar  prejudice  prevails  at  this  day, 
among  thofe  who  have  not  been  ac- 
cuftomed  to  pit-coal  fires.  The 
great  Hoffman  had  given  it  as  his 
opinion,  that  the  peripneuniony, 
the  dry  afthma,  and  the  confump- 
tion  were  common  maladies  amongfl: 
the  inhabitants  of  Liege  and  Lon- 
don, and  that  they  were  occafioned 
by  the  great  ufe  of  pit-coal  in  thofe 
places.  M.  Morand,  in  1769,  was 
at  the  trouble  to  inquire  into  this 
matter,  and  it  appears  from  the  at- 
tefiations  of  the  College  of  Phyfi- 
cians  in  London ; pf  the  Faculty  of 
Medicine  at  Paris-,  of  the  phyficians 
at  Liege,  at  Lyons,  and  other  places, 

that 
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that  the  opinion  concerning  the  pe- 
culiar infalubrity  of  pit-coal  fires  is 
utterly  without  foundation. 

It  has  been  remarked  that'  coal, 
in  being  diftilled,  yields  near  of 
its  weight  of  air ; in  being  confurned 
by  burning,  it  yields  a great  deal 
more;  for  both  the  refidue  remain- 
ing in  the  retort,  and  the  oil  ob- 
tained by  diilillation,  yield  much 
air  during  combuftion.  I do  not 
think  that  it  v/ould  be  an  extrava- 
gant fuppofition,  if  we  fhould  fay, 
that  the  922,394  tons  of  coal  which 
are  annually  confumed,  difperfed 
into  the  atmofphere  incumbent  over 
Liondon,  500Q00  tons  of  air;  and 
this  quantity  may,  probably,  be 
about  I of  the  whole  quantity  of  air, 
which  is  rei'pired  by  the  inhabitants 
of  London  in  the  courfe  of  a year. 

Hence, 
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Hence,  though  it  fliould  be  granted 
that  the  air  from  coal,  is  not  more 
unwholefome  than  that  which  is 
feparated  from  any  other  kind  of 
fuel,  yet  the  vaft  quantity  of  it  with 
which  the  common  air  over  great 
cities  is  daily  infedled,  may  contri- 
bute fomething  to  the  rendering 
them,  what  they  have  been  juftly 
called,  the  graves  of  mankind. 
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